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1 THIN SILI CON OR GERVANI UM SHEETS AND PHOTOVOLTAI CS
FORMED FROM THI N SHEETS 5 CROSS RE
APPLI CATI ONS The application clains priority to
copending U.S. Provisional Patent A@plﬂ@ﬁumﬁwmﬁﬁmmal
number 60/ 782,115, filed on March 13, Iy
Heslmair et al., entitled "Thin Silicon onsos@r mani um
Sheet s and Photovol taics Forned From Thin Sheets,"

. . T
TR RIRRRNHR PERMA UM SRERIY ANOPPHOTOR OIS pprMED

may be free standi ngFROGMeTHIRSHEEES | i con, 15

el enental germanium alloys thereof, silicon carbide

or doped materials thereof having a |arge surface

area. The invention further relates to nethods for

formng free standing sheets with |arge surface
CROSSIREFERENGFTO RELATED ARPLHIEATIONS r uct ur es

incorporating thin sheets of elenental silicon,

el emental germanium alloys thereof, silicon carbide

ThelapfRd@en JlBS Prdhity td186RAHiINENY. . IPrHAtibhAUPAént Application serial
photovoltaic cells and display controllers. 20

nuBREEAAIND SO lerHm MaveiNB, 8RO/ Bieslmdinet aj, entétted 1Tin Silicon or
ipel ) i of dyntegr.at ed .

GefiihiR, et o3 Fholodohlls ORI ShAEY iR rpteq fsrein by
referenessed. CGer mani um has been suggested as an

alternative 25 to silicon as an inorganic

sem conductor for integrated circuits. Wth respect to
FI EW@F“TI?E IRVEGPIOLOr sem conductor applications,

arge cylindrical 1ngots of silicon generally are

grown, which are sliced to formwafers. |ndividua

wafers are used for . integrated circuit pyoduction .
The dpyfgtigh 3E181€5 dé‘?‘aﬁ?ﬁ?s»aw icfrfaay bR dres) Siliing (af clemental silicon,
elefriéhta® Bbenanfl8R 0fidys e APHLORLOEBide DY €BpaP maheidlsGBéreof having a

vapor deposition and physical vapor 38 deposi tions.
large swifacy dreer dBsiinyension tiarthgrarelatndetei methpds Enmviiormingefneeastanding
she%ésg\_glﬁltéf]aé%é eatcg E.reelrﬁg.;Tgé hr{vglztz(%nl 2[11 ogfe(lleeﬁgsr%nsgr}lg he%gmcorporatmg thin
shedenaanérmdl sdido@/ elamemel f@maniunghllenetheitof, ¥didoAkarbide or doped

technol ogi es are available for the faormation of
magrisgheedbind ip @erticular photovolta eglls apd displax coajreliers.y of

commerci al photovoltaic cells are based on silicon.

I ncreased
BACKGROUND OF THE INVENTION

Crystalline silicon is extensively used in the production of integrated circuits. For these
applications, high purity silicon is used. Germanium has been suggésted as an alternative
to silicon as an inorganic semiconductor for integrated circuits. With respect to
commercial silicon for semiconductor applications, large cylindrical ingots of silicon
generally are grown, which are sliced to form wafers. Individual wafers are used for
integrated circuit production using photolithography and the like along with suitable
depositions approaches, such as chemical vapor deposition and physical vapor

depositions.
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5 commercialization of alternative energy sources
relies on increasing cost effectiveness through |ower
costs per energy unit, which can be achi eved through

i nproved efficiency of the energy source and/or

t hrough cost reduction for materials and processing.
Thus, for a photovoltaic cebl, the objective would be
to i ncrease energy conversion efficiency for a given

Wi(ltjlié ﬁ%?ea%lg mq{&‘g@sﬁqglel ﬁ")’g\ﬁ#?ﬁ f@ﬁéct £koff %@%‘sk %? £8%sil fuels

and bther nwerdnewablpenémgly sources, ghesé) exfetgrmmgrcka‘taaﬂi; fdietlternatlve forms
silicop, .ger n| m, SI|ICQ C doped terials

of BifEEL o ABPU P IpLoHFeATe BT 341A the Iote¢tipes Lahaiovekag cels .

solhfadis. @Q%‘cﬁor;@ ot Q:Qnﬁx?é%éﬁleplﬁﬁmdltgﬁt &IIS aANGase oﬂ\‘sﬂfc%ﬂe Increased

t hi ckness of no nore than about 100 m crons.
comhwedialipatien aif |ajteimative epergy svodicag relees tdm ugheasmgsam’e effectiveness

|nent t he sheet : reversi bl.y attached t :
G o B RE St o ThicL i B rpsr e improved effciency
of el energysbadck iaf@or Whbgh cobhRdediRalfol SaRBBR Al IpYocfe§§1?g Thus, for
standing, if desired the sheet can be attached to
a phatsypliaie ecllftbe objegtvmweuldvietth ingrezsdeastgy ecopyersion @lf@cag@y for a
gldeﬁx%t ft'lJJPl%e ?JE&S} toclg&ept%ra %&Sgt of BEO%U?IHg Ial'lcref/\fﬂlq: 2% gfan 286
assenbled into a photovoltalc panel In a further

ec t he |nvent|on(gerta|ns to a nethod of formng
SUQ“&%H%YA%FQTi BINVENTIQN| j con, ger mani um silicon

carbi de, doped materials thereof or alloys thereof.
The nmethod conprises depositing a material froma
Ina ﬁmﬂahpeet ftheomvention pertaiak éas shdetyfurysalliae 2ificen)lgetmatiem, silicon

rel ase I r, i..e.. a un | ayer, can conprise
hﬁﬁeﬁ? egial thetsof by dher ?@mmwﬁ%&q arga, Al at least about
900 bsumed U@itlhﬂ:@erﬁ ehAEabH kAL ehickdYss Bf MPoft AR 'ab(élﬂg 00 Rfcrons. The
separabl e | ayer of inorganic material. The rel ease

Shqeag@wraibms ﬁr@eﬂ@pé@gt dthongloin @meegclqumemtls dw e Toanbe
revef¥inl aﬁg %Eﬁﬂs@a W"Ithlg @s’?’a‘flfﬁe ca ))/tsc?ygfallliirhee While

grea e I’TE f. I ng errpera ure 0]

thesshbetao Qeneta[llySmeuﬁmlng hﬂﬁ%@ﬁréd tht ket eaChé sttached 1ol Asubkeate, for
reactlve flowjs driven 30 by a |ight beam The | ayer,

exarppip, wih an adhesivg gr paglease 1%?9 Ble shest smdigscut mt%pharqd;tmef
eleﬁ'{rjl ;/1% w1?1’9{79k @ﬂﬁlﬁﬁ%{%ﬁdﬁoévhlcﬁ‘lcﬁﬁ e Eﬁgm@ﬁ:dqﬁt%%iﬂﬂo%toltalc IE)anel

er ave hsi't attve to
up to a denS|ty approxi mating bulk material. In sone
the nmethods 3 can b to.forml ar

t
in §TRERGTBREE i BVRTE PSS B TRed, QTR RFRDI layer of

si1i0Bih, e pdrtlafiund, NsiliésH chrbRiealdoB D ekt RN Sherbd¥eof %ll@}%s ¢hereof. The
Iayer can be formed with a | ow density correspondi ng

mepliadhcampsised depgsitiste amatertad tiraab eueactyepférve ener. a Selkase layer on a
sub%prgtteﬂ glrhésan %s%élg%ﬁg%??t : gﬁ S ! Iffiﬁer} a%rcgo%lmpr}lssetaomgtemﬁ Yhat 18 soluble in
a solvent that can dissolve the release layer while not dissolving the separable layer of
inorganic material. The release layer can be deposited from a reactive flow and can
comprise a material with a softening temperature greater than the melting temperature of
crystalline silicon. In some embodiments, the reaction within the reactive flow is driven
by a light beam. The layer, such as a silicon layer, may be amorphous, crystalline or a

combination thereof. Also, the as deposited layer may have a low density relative to bulk

silicon up to a density approximating bulk material. In some embodiments, the methods
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plurality of patterned islands of material, such as

el emrental silicon, elenental germanium silicon

carbi de, doped materials thereof, or alloys thereof,

on a surface of the inorganic conposition in which

the islands have an average thickness of no nore than

about 100 mcrons. The inorganic conposition can

conprise, for exanple, a netal oxide, a netal 10

-k C | . .

carf B B i LR a8k ShEGTor SWACARRTR! Mot Inbfillic mgrials.
additiogst embatimenkse tHeayleasedbydr van ga fiirthed oifios low dénshasomesponding

.average thickness from about 20 nmto about 50
Wl'ﬁia&%ﬂ%t,yqtbﬁ‘?reé“iai?o‘éto‘}%’eé?%di nments the |ayer of
I norgani c conposition an average thickness of about

20 nmto about 200 nmand in other enbodinents the
In heotber aspedtsyctheamicntion pprvang ioa léyes of ah ihaigamis soofposition with a

I t .about 20 1 1crons. The | ayer qf ..inorganic )
P S PR e T LDe R i el iSR! gegmanium,
silich€ carbfde2 B8ed SHeRaRSheesMRPagbysSibeteo®Nor §|s@1rféjc%éom¥ inorganic

be associated with a release |ayer. A’ renovab
compestiiomin whichighe [idenuls ddve en weenage Hucknssanfino mare shaneabout 100

. divtents. the | ayer f 1norgani.c conppsition ha
mi GRS O Bty rnpeion, Pl RLARARS SERBRTaBAR 080, & meta
carbide] sifitdrynitride) Silicory 6Ride 0dili Corrbxyalttiae, Rilicdn @arbide and combinations

photovol tai¢c material conprising the |ayer of an
thergedy gangeaerahothe dayss Aiftinerganic toempopition 1af tap ayerage thickness from
t I r ] STMRY . .
REAERAR, kPSSl XBIPLL R ERIE LELE of morgnc
cordpgritsort iangavedrapee titicknesd loif cabout 26| ettt abowgel®®Ainumnd in other

i l.icon carbide, doped. materials {hereof or alloys
em?ﬂ@ﬂbeafs t%fr#éyerr@ft e %%C%H%‘W%Lﬁseﬁégi*ﬁl% Qffd least about 20
mi&BhE! TR 1abér ¢F iRGHhRE BoPodtiGHEmtHeadsSoctdtéd AHB a rdld8seAdyer, or the
.25 deposited material, such as elenental silicon, can
islagds.csuphtasl ¢lemental sitigor pHends, nEnebe espaisiedi with ot wieasatayer. A

[ irecting a reactive flow.at . the substrate
rerfPple eyt b s ERice s bR LS WG e taver
of g1 Ehhseitionchad af Gl ofQlt 1éhst &dat BOMNsdliate/edntiméteds. Similarly,
| ight beam The patterning can be perforned, for ) _
thedipXeriion, capincHain theasphoionoliaic mpteral ¢panprisgig the|layeg of an inorganic

' corgE?s?tZ% W aﬁurﬁl'i‘t? osfipH.t 4 fs%@s:%%ﬂ?%sﬁﬁhlﬁg Eiﬁ?mp a: L:r n.

e patternrng I ncl udes, exanpl e,
formati on of stripes or islands. In sone enbodi nents,

t he deposited. material js textured, .which ma rmy ...
In o8er bt B AU OB TS o 4 FEVGU Y repasiBng relfcaeni silicon,
elefiéhtal QeARARum! BfichR \¢aibided r@]o?@cf bithddmld thefeof®r Ay Qhereof. The
form ng a photovoltaic panel. The nethod conprises

meghodegap| domprise depositinigt the ofatered tin o pttomt @n @ sshsbrster srface. The as

surface.in which each ction conprise crystal line

e Spptorighe Uy ¢, SEAGEAHIEY Fit RRZETing, of fifupholi.  The

depd3ftihgadigyl tanl @OmPHisd Bit6ctinENe réaetivd Bo% A BedubQrHI QAR and in
the panel such that a plurality of 5 the silicon

some gmbgdiments; ihgreactve dlow eancompstse ¢he prodpeti afee whastiapodriven by a
ligﬁ%e?ifrf.. a’i’hé:ﬂarltte‘h‘ﬁng icér? be Ip@rfér?ﬁre%, for example, with a mask and/or with the
controlled deposition of the silicon into the selected pattern. Suitable patterning includes,
for example, the formation of stripes or islands. In some embodiments, the deposited

material is textured, which may or may not correspond to texture on the substrate surface.
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enbodi nents, the sheet can be cut while the sheet is
adhered to a substrate surface with either a rel ease
| ayer or an adhering layer. In further aspects, the
invention relates to nmethod for coating a textured
substrate 10 conprising reacting a flow ng reactant
streamto forma product strgam and depositing at

| east a portion of the product conposition onto a

AR R By U SR B e
mefHoacaisttes AkeBIing o ety bOQedtioh @Mt a BIBstFAREIH RS in which

of the flowi ng reactant stream can be driven with a
eachj ggRtion Bempiisess erystalliar tsilinenl layes yeith an averags Hiekmepopf no more

et | I
SR iy Pl S SRR Sl SO Uy Bty o
theesilliusm layerofs feanfa sﬁi@ﬂﬁhﬁet beérpgralline eilicoin matmhbuitcxb sie. In some
he control el enent control elepent, can conpris )
embodeats, fe shert qaegw & G et B TR 6 e ghte Sorface with
mﬂﬂ?%%@QwQQaﬁ¥%¥§9§di HaRss of no nmore than 20 about

m crons I's patterned with transistors
operably i nterfacing mnth the sheet. BRIEF

CRI PTI THE DRAW NGS 25 Fi.q. IS sid
In JREReEPROS (o Gron MEAGE: G mENHoEr RBfget FoTHEA g ubstrae
coﬂnbﬂﬁh% k@A H@ovﬁ&%’%bﬂahpﬁre@in i f8hn RO k@&rk 8h@8epositing at
is a sche ic representation of a reactant
lea@temm?n g stherarpduct tdpmpisitioneenfo of texpargdrsusigate. The textured
subsg'gtge:c%?ltcg)gltpgsea a frc%_t?ﬂﬁugfacrzg\%?t 19 eéalé Bé?s tpga'rj]ga 1stlé|.r(1:ch ei%(\)/m ealgout 50 nm to
abaut 1160 &iiadhs.i mhefeae@@ibﬂhwbbmagﬂreaaam%geﬂﬂ ibaldeied @ith a light
the 30 delivery of aerosol and gas/vapor conpositions
beamyt o a reaction chanber, wherein the cross section is
taken along line 3-3 of the insert. The insert shows a
top view of an elongated reactant in] et. 5 Fig. 4
In hdzlin'zomé as¢peotsathe snvbation ealated tot hdisplen corapdisingi b eontrd zkdneent and a
Fi t aken a on the line 4:4 jnsert .in
pivgatyy of Tigh g Elefedisitn ieBt gpisgioRnfsheth el being under the
coRtRACHT Vil dé‘cﬂﬁx%l dgegeitt | OTh@PRALSE Laerhéht WBALL ReohpfiBESE sheet of
coating is applied to a substrate within a reaction
silighra{geraranivgnopged @rmsoralup@r éq@@mgu areavarege dricknesseatnarmore than

\'% n e tion
ab(g]puggll%) |r81%reo snglglre Welt 1% g% thafransmf: ors opergbCTy interfacing with the
sheet.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side perspective view of a reaction chamber for performing light reactive
deposition at high production rates.

Fig. 2 is a schematic representation of a reactant delivery system for the delivery of
vapor/gas reactants to a flowing reaction system, such as the reactor of Fig. 1.

Fig. 3 is a sectional side view of a reactant inlet nozzle with an aerosol generator for the
delivery of aerosol and gas/vapor compositions into a reaction chamber, wherein the cross
section is taken along line 3-3 of the insert. The insert shows a top view of an elongated

reactant inlet.
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Fig. 7 is a sectional view of the apparatus of Fig. 6
taken along line 7-7. Fig. 8 is a perspective view of
an enbodi nent of a reaction chanber for performng
light reactive dense deposition. 10 Fig. 9 is an
expanded view of the reaction chanber of the |ight
reactive deposition chanber cof Fig. 8 Fig. 10 is an
expanded vi ew of the substrate support of the reaction

.chanber .of 'Fig..8 Fig. 11 i.s ers ti,ve view o n
Fie FEGY Fert AL S e rearoatla pEle R ok oo e 4-4 of
the ingtinFgagt i ve dense deposition. 15 Fig. 12 is

schemati c di agram of the reactant delivery system of

Fig Rds apghematic diagrnnroip light reactiyeydensdd¢posisian egraatdein whielna dense
t. eact | h rof t.he aratus of Fig. 11.
coeﬁirné_1?%@51?(2?03&6%%F%aﬁ§%§%ngwe% 1of ﬁg BAct i on chamber of
FigrieQis d Peispctive aliew @f lai fegetdt-ribdzle Fellveridg tefictaits to a reaction zone
alternative sectional view of the reaction chanber of
posifigned pgang uhstiae substrate hol der portions renoved

Fi@ﬁqségbﬁti h Ul m&wio?b%z6%&egiaﬂm 3ligei7-s7.a top

i'ew of the reactantriniet ngzzle ror Ehe reaction

Fig Raistaepersplctiieguievt f afieghbodinens ofi a redctipe chandieer fbe per@irméng light
dual  |inear .mani pul ator, which is part of the drive

reaglive dese PRSI nozzle of the reaction chamber of Fig.

Figl3.is Wk Sinb&evigwalf thd RE&Hon TAMLBL Al liélﬁ_rea%ﬁ{?@ﬁ&;&ﬁgon chamber

romthe reaction chanber for separate view ng. Fi
of ig. 8.s a schematic view of a light reactive deposition

Fe BB M T o, BB e 2ol i e

FigdQnden peRpbdtive visw 8 &l altdindive temWolliinéht BREK -a?ﬁr&us £ Pefforming
_a schematic perspective view of a |layered structure
lighfireastize derfse derositi@per in which the arrow schenatical ly

Fidl§p k%g%@ﬁ@g@ﬁg g&hggeaglfaae@eﬁz&;@g%edrg& efggpya&@i& Bg 11.

ayere
FighéB symmadxpareledt iview affthareadtionchunbet of ey ppadatik of Figy ng
.renpval .froma _release layer. Fig. 22 is a .
Fig 53@%@%%@&@%_& theiTeastint chgfist ol 1 takgrealeng Wnpericlst
Fi%'-?tlS WeifiRmdfive SbBionAJidw ofthE &@&H@I{‘Elﬂi‘l?bé bF‘f"i Vi 8Wilfthe substrate
ayers of an alternative enbodi nent of a [ayered
holdempasiderts remevadtand ¢he Wil syawmi @sibleschemat i ¢ per specti ve

Fi% g? }Igea?tlfqg giel\wgﬁgfqﬁ%%gﬁgr}tg@&goﬂe &%ﬁ? _egcszt%otnec%aringleraol}%g. 13.

Fig. 17 is a perspective view of a dual linear manipulator, which is part of the drive system
for the nozzle of the reaction chamber of Fig. 13, where the dual linear manipulator is
separated from the reaction chamber for separate viewing.

Fig. 18 is a schematic view of a light reactive deposition apparatus configured for transport
of a large substrate.

Fig. 19 is a top view of a substrate with a powder coating covered in part with a mask.

Fig. 20 is a schematic perspective view of a layered structure with a release layer in which
the arrow schematically depicts the separation of an overcoat layer from the layered
structure.

Fig. 21 is schematic perspective view of a structured overcoat following removal from a
release layer.

Fig. 22 is a fragmentary side view of layers of a layered overcoat structure.
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5 Fig. 25 is a top view of a transparent substrate
with a plurality of sem conductor segnents nounted on
the transparent substrate for processing into
photovoltaic cells. Fig. 26 is a sectional side view
of the structure in Fig. 25 taken along |ine 26-26 of
Fig. 25. Fig. 27 is a cut ayay side perspective view
showing the interior of a light reactive deposition

o SRR O RSO O B e

overéRvwtlcndrbe stage of Fig. 27 shown separated fromthe
_reaction chanber. Fig. 29 is a photom crograph of the
Figt pisqagchepeticoperspaetivei vigw oha fangd areaslagsrmwithedsppesitedgplards patterned
ubstrate,by light reactive deposition. Fig. 30 is a
0n%ﬁ2¥%ﬁ%€?%ﬁ¥%ph showi ng the edge where a fragnent of
Figs b icotop vk fep@dngpeht sibstiateomtli Bluralit® a5 8ethRpAductitGegments
the remaining portion of the silicon foll is stil

moypted op &g, trapsparent substyatg fesppecssringmtotheidvelials cellsagnent

. 0 il £.00 | i ey - ,
Fie2h BISCSULhEAR, (8ol By DR PREAR oSO B 25
Fig 126 isl 2 glat ewagddide pespectisp ol notvingr erenimndrior aff 4 Hight reactive

rel ease |ayer. go TAI LED DESCRI PTI ON OF THE
deroRERTFASHOT FB‘HP &t 2 SFRECRASEONES Brresgipe b RS fg fign sbove.

. - O i | .
FATHE SRR 0 A A e RS rscin
chagahepri se, for exanple, elenental silicon, elenenta

. nmani um, silicon carbi de, ed terials.thereof or
FighePgs e ppBisrosash ShIBLOP sriabs pe ficsiliedhs foil Ay pfthesed on a
subgeae bl light FABiREddpbaRost andi ng or rel easeably bound to

a substrate, can be advantageously used in a variety

FigoBO app Phetamierpgraph shqyeng thagdge wheze gé&ragment ofshondoidfseparated

I g a6 > i
frof GPRARRE el 4 e B AR LR ALy R ERlatiached.
Figcahiseepladvgaplageotisg y fragmenti of thd@lignmofdiict i on of

. tovoltaic panels, _integrated cjrcuits, displays :
Figh g it Repholie OMI%ther%agilrev%gﬁetggei SHSH PHVBITbo) Lawith the
: ' %ﬁ%H' WAl j sui tabl e
hggggggﬁggp%reac?gﬂ?gh?ﬂ&g%ggﬁé?%%Q?ggggion Is driven by

an intense light beam The light 7 reactive

[l ' deposition of the

pEIZE3N PASQRBITER i Bu MPRII0N SEr <o that ¢ he

separabl e structure can be forned, although additiona

_layers can be involved. The sheets can be produced )
Light raactyes depesigian gpproashes egiebe adapteg adyartagesuslydor thepapdustion of

largd ar%t'i r%?lglméégg 'ntz‘dsnv gfere]w;%#ngoi@y Whgéhn Bar® 'cgrgbltl ée(,: qglt egﬂi%)l@,t Zlemental

T con
silicon, elemental germanium, silicon carbide, doped materials thereof or alloys thereof.

These large area sheets, which generally can be free standing or releaseably bound to a
substrate, can be advantageously used in a variety of applications. In particular, large area
sheets of elemental silicon, elemental germanium, silicon carbide, doped materials thereof
or alloys thereof can be advantageously used in the production of photovoltaic panels,

integrated circuits, displays and the like.

Light reactive deposition involves a chemical reaction within a flow having suitable

precursor reactants in which the reaction is driven by an intense light beam. The light
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5 enbodi nents, the layer of elenental silicon,

el emental germanium silicon carbide, doped naterials
thereof or alloys thereof can be deposited on anot her
sel ected inorganic layer wth or wi thout patterning.
The [ arge area, thin sheets can be cut into a
plurality of smaller sheets,with high property
uniformty within a particular sheet and between

dhf grent sheets forned z ‘i éﬁgu yaleghlcondlt 0 %  ont
reaClive GFOSEIoR FIPFRaRE San IvelyS s #ePIH Lo b e g fregwic fagigrial onto a
reléfde ﬁ@feﬁ‘s@t}{ae k&as‘éPQ'aBlel SRRAERIANES BeAfoBhedV dlthodsPMdiRIHALfiyers can
top surface. e the use of a rel ease | ayer makes
be fipepdvash eThe shestnean be prodyeednyithgent hmbtmnéy lewels or with selected
do%fﬂl?s gra &ggr 5&11? # 8Iﬂle aevoqcﬁn % ﬁﬁic\{mt of §%ntzgx{‘}1%tants In some
eS|ra o gener a suppor

embedieaaahthe 1overdf eldpsdnta isiicor, fuuaneﬁthlegesxhemhng gifichrecarbide, doped
releasabl¥ held to enable transfer of 15 the structure
matgrigs BiEcos 9 silpxy thereot san bralerasted«yy anatherpglected dpeyiganic layer
n \Y} n t r
wifloB WARDA Bl Mo g IRE, 0 Redk SHPRE B oo g pluyality of
smhberc sheets wathsbllghepmperﬂ' emefbnnity svithio on pasticaiae ndhaet and between

.ger mani um con carbide are electrica
difdarhtoDret o *RIFRIA CORGHPRE U b SPRE mhodimeniy, a release
lay'é‘3 8drd sl t& fUrﬁla@llefea%H?é ngrééfncel!aw{}ﬁi pattdrhédQBp surface.

el enental germani um or silicon carbide results in a

change in the electrlcal resistance. To sinplify the

WK e ol eoRicieg 13t maRE A SPERDG JEIRIRL F drssapding structure, the

indiAni€ SHeet QInEyvRBlalilvelgEFaEHB) S8ThatSi ¢dndetesidatié €gendN®Gupport the
materials thereof or alloys thereof. In sone

shestrpRlersalbiog a substrase. (Blaysy tisisheqt Gam be eclepaldy élekdﬁaten%hl@transfer of
thecé'ﬁﬁ%hﬁ‘% Foﬂ?on@srhb%ﬁ‘&@ té‘ﬁ?ﬁﬁéryzfsrd@ & F&eex an adhesive holding
crystallite size can 1 nfluence t e sem con or
thgsheptsottto e substmtedgemetadllygan baveeasgé using satradidonnlde smpentoiforce or
desirable to increase carrier nobilities and to
aSPﬁ@P%ase mnority carrier diffusion lengths. In
appropri ate enbodi nents, |arge sheets of
sil i con/ germani um based sem conductors can be
Elgmentd seleagnj dﬁmeaqabg@manmambsili@@scamiidb @re elgetiipa) semiconductors

ot CRIF 6P pabir o) B¢ Tl HeEcen SubRRLderigh O obRa siicon,

cleicARE lpbin®fidh of b#ieBM babideirkdultd th Hakange @8 tHet déttrlidal Yésf€ance. To
commercial use of silicon. For exanple, silicon is

simplify| theyselgtion Heseim §silisengermaiior-bassds sgmicondugioay’eds used to
re;?’bsreﬁyéc}gﬁe% §f 4111§091n éﬂ:ﬁ{eﬂﬁmkwagﬁﬁ? %ﬂfc%mcﬁl%%jél ((‘ig}gerd:matenals thereof

rou dopi n W th éxc
or ellewttherest. BlLBDhle&Snb!kﬁl,lmﬁhls anid désirdbde toplguel sheétn that tleecrystalline,

onducti on nd are referred to, as n-type . .
suglof BdERitel B TirG iR Yasemiconductor properties,
and 8 TGN aiel £ c?y;th‘il'f@:-‘gzé BAPHO BeSHABIeNS iMbrEike aBiB Hidbilities and to

wi th el ectron defi ci enci es,
increase minority carrier diffusion lengths In appropriate embodiments, large sheets of
silicon/germanium-based semiconductors can be processed into appropriate devices while

saving material relative to thicker structures.

The ready controllability of the electrical conduction properties of elemental silicon has

resulted in wide commercial use of silicon. For example, silicon is widely used to form
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5 such as B, Al, Ga, and In, for popul ating val ance
bands with conducting holes are referred to as p-type
sem conductors. A process has been devel oped invol vi ng
reactive deposition driven by a |light beam (e.g., a

| aser beanm). In general, the coating can be used to
formparticular structures weth either a 10 sinple or
conpl ex configuration. In one enbodi nent, reactive

deposition driven by a.light beaminvolves, a r.eactor
seriE bRt o B ISP i« A BT e QR S uclors formed
threh@CAd SPGB lel efnentsaditR bk @Bs BIBARIMRI fchMBLR, 8bLAAPL ERpopulating
e

zone to forma product stream configured for th

thegeapduetionobands apy eaferced temtsenityte samicondusions, aind splicenég¢rmanium-

tQ Lntersect the duct, .l ow. Thi rocess has beep . .
vase e ER e Ol B ARl b8k s, S PR PR o fERciencis,
suchRB, 1, eajadiInEfor popil ingdaldrice besdsawieh easiiigholedare referred

the formof a powder coating, i.e. a collection of
to IFFPE qePEPPIUTIUs or a network of fused or partly

fused particles in which at |east sone

characteristics of the initial primary particles are
A preédse haebeenidehélopddhiavaomp iregtive Beppsitien dlirioen by a lighebeam (e.g., a

a5 HoRENGULEE GO G DD R SBEERE TS L@ either a
sinlOGES AU BErAB! 1 & drodthént! REAREIdRPosHondBIRE by a light

or noderately dense 20 coatings. This version of the
beam aovebes @amcadier with er flewding oeatant isgéam thedh dntersects em stectromagnetic

deposition. .Laser rolysis is a li driven
racf ER8 e PioxTs GcisBIPotong B ot S SHFAT cpnfigur for the
depoxitiol &5F prodifct SabHal bRl PalirFice! Bsced lb GhtbrsbQ@aARE IpYRIutd A¥v. This
processes, such as |aser pyrolysis and |ight reactive
progessobis ibsen  givrar éhe gvemsn Light Beastivef Deposisient (BRIAE. In some
i A i ; C i e i .
ermpoSHel, HEPELLNE 3 oS b Hrgl LERAGEE Softne, ALk cglegion of
unfilsaingdrtielagror &rmemvak | ofofakedr eraparilg rfusedngartidles ini ghich at least some

reactive fJ ow processes, a reactant streamis . _ ,
Chaﬁ%tﬁsy&%?f tL%vltamelﬁwr?é@lq?qS@rﬂreﬁ%%?ﬁ withia Ahexcoating. gGhip version of
thel ss B8 AGAL Bot Reacti®DbRBEScadting d¥siioh@PS dbseduht®y, it was

t
ile a laser beamis a c%nvenlent ener gy source,
diseavierad that tleprecess givid bompdifisd farthdformatemdfidandeiog htoderately dense

reactj.ve deposjtion. Thus, the react]. condi tions an
cofiBRS o T YRR L e PRices 54 b es S8 Fe PR S e AR Berfion
nature of the coating with respect to density and
related properties, such as porosity and the like. 9
Lager girolyssnés p\light alpiven reastive dlewppragessdfor rpomider production, i.e., for
L.Qn rge. . c terals. .
sy T et Rl P D R RAE O B B BBt Bl gty and
liglatf resicive tde parsi fiore Shtrs QoMurion fegase @lﬂalwﬁﬁﬁﬁndﬂﬁ IﬂUdVOilhg reactive stream
aerosol for and the conposition of the product
thapriftersecyy a §éﬂ]tebeam 3 4 g regcfinp tzp%t%éormr?eprpé%tsgﬁ@@ dggynstream

frofd lighftSeddiBn Z64E  ThQlEhe %&gﬂt“%‘! Q(g\? r?]rc}:ge%%, 4 128Gkt Sfream is pyrolyzed

deposition can be 57us i ghly unitorm

by epantemsgslight beahesuchlas a leger beara) Whicbdreptsitbe ngyctants at a very rapid
rate. While a laser beam is a convenient energy source, other intense light sources can be
used in light reactive deposition. Thus, the reaction conditions and deposition parameters
can be selected to change the nature of the coating with respect to density and related

properties, such as porosity and the like.
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dopant (s)/addi ti ve(s) and/or conplex conposition(s).
Thus, the conposition and material properties of the
correspondi ng coating can be adjusted based on the
features of the light reactive deposition approach.
10 In sonme enbodi ments, the light reactive deposition
apparat us i ncl udes an eIonga@ed reactant inlet such
that a stream of reactant precursors |s generated as a

Light 4G BERGUDD ot 4R, aler POFFaish of Bqued Tpge of produc

matefalf. OReaRtanS8@REry {PPRACKS! provilld forladffdk dtgefdreMictidn precursors in
oriented to intersect the radiati on such that nmost  or

gasgpys/gpox wqr@ar@sdrfom,laad\ﬁhempmgemrsomt prodhes maeriahgengrelly is a
ﬁm%f’J 8n 0% t:l]rgtrealgtag{s ll da% tﬁ reac%%}ﬁ?:oﬂg gonsl 5L1 t reegtftlvec‘ ggqosirtian can be

ed reactan I"e ne or ‘str

usd‘(IHt &f | #@drmat highhyi ghmmrrrougbdimgs AN rh@tenzﬂﬁ | g@fohallyd comprising
si mul t aneously deposited onto_a substrate By
domtkﬁ)/?gidttWé(S) andder sarpriex peraRRsHionfre Jhysutbe cempesifipn and material

B8 PRSI CIRE AR K4 T B RIS of e

reactive depositidn apprbagihh nat eri al production rate can be
mai nt ai ned without sacrificing control of uniformty
of the deposited coating. By 20 depositing a Iine or

In SbinkPE&nBdiRehd] HeeRght RTLENE dfdRWMoRTa oﬁﬁa%tlﬁ'sc tn §t an elongated
the coating process  can be performed nore rapi I'n

reagt@ankindgtisoch tiea stream gﬁteacrtelaqtremlesodep@nenatﬂd asatrﬂd:veng sheet that

o Frlii e <RBAE eha-Ciipt 4eRt® AIprBPRACEBh I € bt form ofa

shdeh e GeRaasy, thOfeactdht REWGEE8ertéNtd Bferdect thR rBdi@fon such that most or
uniformty of coating thickness, whether or not

all gé1ihe reastnt dewosersdets with fthe eadisition sghdhatahigh aivltiswire pbtained.
Usfngstﬂg gfonéﬁe@Ye%Eﬂngfeqzate ﬂag%rt Ji]llle}gé(gle&)%tlggE later 1 ?t a h1§h throughput

bst r at coat ed un ur valen
caﬂ_bghht il eatc iri \pert;:iemaﬂtahe(mslyl dephaited iohed ag:&lbetlrzﬂél yBy nnovmg the

g ent a lications _ 09/7 é tEI

sub&tr te t g]? Hg:cpr@ ts iarigﬁtare@ncoatwg e@éla jed with one or more

SW%OSA i reactﬁﬂdth}&féﬁﬂrﬁlt WS al@rBbpoRling! hl?h %E‘Jtéﬁél g:%ductlon rate
I on bot h of

ating Formation 30 Reactive Deposi ,
cannbé vhairdained wdbmpmaamﬁdngr eowial off wniferfnaityeafCthe daposited coating. By

T —

carbORdrfuIees nidr@epidlihese qualities are superlnposed on a
coarser texture. 10 Inorganic coatings with various

stoi chionetries and/or non-stoichionmetric conpositions

g&ﬂe egl%oﬁﬁ'r%gtesgggh 8~l:tixgh(§ b8 §1{ ch? bg%@%g (%% c?aﬁmgs with high

rm larl mat e |a can
ﬂud@bt;s&tiﬁfoﬁrhyﬁ tad simboth cbating( sitfacésp exppropadte Yontrdlg bt the deposition

reacti ve Itl can he used to for
PrOSEISFER A5 é{l 83 %ﬁg %%altlmg ckneé Tﬁﬂ};ﬁgr not densified, across
the'RHEEL 8 Ssubitsle %X %fﬁl r%éﬂ&@t t@%&fagé‘kéat % I thidRfesS bﬁWe@n Substrates
crystalline or polycrystalline), optionally wt
coaettlimdev Sechopanatent eondlitoonsc dunglit eeactlve deposition is described generally in
copending U.S. Patent applications 09/715,935 to Bi et al., entitled "Coating Formation
By Reactive Deposition," and 10/414,443 to Bi et al., entitled "Coating Formation By
Reactive Deposition,” both of which are incorporated herein by reference. As described

below, texture can be introduced without losing the advantages relating to uniformity and

smoothness since these qualities are superimposed on a coarser texture.
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stoichionetries. As described herein, there is
specific interest in crystalline elenental silicon/
germani um optionally with a dopant. A basic feature
of successful application of |ight reactive deposition
for the production of 10 coatings with desired
conpositions is generation qgfy a reactant stream

contai ning an appropriate precursor conposition. In

L O B A —

be PRABEISS 1@ tealiRCAEpE S, a8ichi AP 2dposiiRi @F46rPA San bEBrmed with
reactant stream conpri ses appropri ate rel ati ve anounts

vargsfus grystal stausture(@l rijpssificalbh S ghtaesstivel depssitinn cambersedte form highly

M th the desired .conposi.tions. and/ or. do t 15 . . .
T s g8 By e SPRPhe Bgrily (cither single
crystapihe proratlycagbtaAline)n SRBALIDET withn adddfieldopitdé and/or complex

radi ati on absorber can be added to_the reactant stream
stojcgiogisitinsh Aaddeaetisd/ hargips theemés gRecifisr interasisinegrygtalline elemental

o i - t st QG h
S B AR DR LB AL e o B ust T he

oxi di zi ng/ reduci ng environment in the reactant stream

In general, the _substrate be porous or .
A bisitfogpuet sueresiebpRplisetion gf heht HF%?E‘X? dgpostignfgg the production of
coattﬁg§ Wil detired2 Cormp@aidas O ?ﬂ‘ﬁ@faﬂ@ﬁ | &t 8 COTRtN&tdaR Rontaining an
thereof. Miltiple layers of coating material can be .
apyfropriatel ptegurmcidéanimmssions e gpasicofar.t foe theufosmataineof ddpeduggdterials by

. the prodyct partjcle stream Since each coating |ayer
light oo e dROgROiE FATEY IR S GURMESSH0%, Irefirs and dopant
preduS®Iel  Ghe | RY@4 GRBMDBorBiprek aPpipibR FERItIVEAMbUMs of precursor
appropriate control 25 on the layered structure such
compgsitions r igc pradare fthextrogtedale awittb dhd slepised chmpositienst andier dopant
S c | ryet -1.at ] an.
condBUBll “AIE IR e, PRMlGi HE 4 BbprbfidElopiion absorber, an
additionat radie®on dboorpascdni wnadiied tdehemeactant dretunwete rebkap andiation/light
i.e., perpendicular to the plane of the struycture,
enegiagfis AR P GHET E9PAPEF &1 G RRAR PREmp O35S cgfitiph reactants can
be BbddU6 LaH[uSt th Bx iR/ L8iAEehvirdhibftliH 1RSreadtdf stream. In general, the
conposition of the product coating material may or y
substratebeanvig perdpu8 ©r wiontrionous, Sliexigleeop aigil, pivyan or watwede textured or
ses. Sim|arl ensj t an be varied to inpose
s g PP SRmbIna S By bR, o opert i o6 {0 t he
material. 11 Layers generally can be applied
sequential ly, although near-sinultaneous or even
Mutipi|lexerreofisoatipg matenal gan die Wimspd i cadditionalt vneps ohithe substrate
ral. pa . .
ool B8 sde SRUFL N BBSA o 1T bRSRBP ity
smbathihess,ciiakdeynuaheted sf agers daape stickadlywhile fantditihg Bppropriate control
consi dered separate |ayers in the conpleted structure
on dhelayered gractys swﬁbﬁﬁb meurﬂofga% cap 55 formadythepughyt theylayered
I Qi S | My tidd ~
SR TGRSR EPRGY afyoa] koo Beriomance of fhe resultng
struphir€or Gompositcinurae deavadedlbgweadlayers, i.e., perpendicular to the plane of the

structure, and/or portions of layers, within the plane of the structure, to form desired
structures. The composition of the product coating material may or may not be varied
within a single pass and/or between passes. Similarly, density can be varied to impose

different porosities or other properties to the material.
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conposition variation, conplex structures spanning
many | ayers can be forned. The use of |ight reactive
deposition for the formation of three di nensiona
structures, especially for optical applications, is
described further in U S Patent 6,952,504 to Bi et
al., entitled "Three 10 D ngnsi onal Engi neering of

Pl anar Optical Structures," incorporated herein by

reference. 1n._sone enbodi nents, the formation of the
Laf cEPafingith b8 SBRIc S ES Ao Iop | EobagBgangyS or even
sinfuM@n&RRAPplitAdn Ot ABspPAcdl abdatinObar 8XETHR usACHT Qbvedl! Flises are
may or may not be contoured or patterned to forma
magderte jdsposir thet sameg gespeditidni af goafpngcimfaterial, aherindiFdnally deposited
exanple, different .15 functional structures cap be .
B Ry B e L PR e 1B rotppgied Yl depending
on | wigsthert &€ no tikNSepafit§le rdﬁﬁ@éi{eﬂf laberst 8 bOILBRqSHASE dh@fied as
d,Elane. Al so, approaches have been devel oped for the
1S

nguighahlen feagires onBp sdaposifisg flayers Heith gmi@mosfrustures and desired
cof SHASv G ptles LA ASP g Hony OPBESA LE Ry e e

of ligie reduriee depasitionifonthle fostation tofi tieee dimdnsional rstracturdslf ésperially for
t he deposition process or. foll ow ng deposition by . Y

optsa] ¢ lﬁfit’r?g‘sﬂ)d?sﬁ’éb‘iﬁ‘&lsl@?‘?r&il g.s. Brtehich OO 0, Bichal vfgtiged "Three

Dilﬁgﬁs%naﬂﬁ){%ﬁ)b‘éﬁdwf f‘iﬁ{eﬁ U‘pkigﬁtgtﬁ@nﬁés?ﬁﬁé&g?ﬁ%bﬁme n By reference.

eat treatnent “or t I'Tke. Patterning materi a
with respect to conposition or other property can be

f fol | ow.n eposi,tion, for ex |l e, usin .
in §56 S fietisyPe Saruboh ST ertRitk dPensinn gy usiaegraly is based
on RIROEGokiti bR OF 3 phtali stNByed, leActEbLRhIRE mBHENMAS n6NB&b&Rbured or
etching and/or radiation-based abl ati on, formdesired

patigmredetonforin e particar stwctire agibinsa spaiflsc laysi. ng F2b ekirgple, different
r [ [t ' . W t [ .
bG5S SR UPRR bk sy ol SR SR SEI Rl . v
plant pbrpemdicularab ehey evatealt subktradd plané. e All, appiohdhes Ghee béenedeyeloped
rying . ositigons. Wth respect to patternin

for\éﬁ? Pﬁt&g{nﬁéo SPOEPHIIR E’F(S]?Fggoé'f}la ot denisd iS{r}lQ}Hreé%.n general, the
comp QG alo@tﬂ@&t-f ?gﬁg af £ BARIchB 1R8] (Srl]gye?%ﬁ'gﬁ fefhfe@WiREnsional

changed duri ng eposition process to eposi t
struatare icag bersiereed duiringithddepopitiot ipoagessy ordolipemigtdepositain by patterning

sel ected l.ocations,on the . subst e to vary the
the B GG RSO PO ¢ AacBrne I iiigameiogess: such as a
hefltAABnenYDr MBe lik&@hPattdmingesThhiéBald SRS Fdsh&R to Ich@position or other
product conposition can be varied by adjusting the

prapery cambsperfamed delipwing depasitian fie epampigeesipgpatiernang approaches,

Y, ' t r \: iti0oNns.. Eor. ex le .1h .
o T B P i S AR ot o
and/ort @dRitidby-based dbRtibenfon elegyddvisavteing g tofe or @€ BYersat TIR, using

. of inert diluent gas in the reaction stream . . ]
lighterispdivatdgpesitin Persibhe déth Ather fRaBGININg psgachesn it nofble to form

corg#‘lgy?t CRicurk® With efrftfi’&?e VW/;HAU&F €ofP glﬁgr%g%l%f LW S&@Bctivel varying

ect the conposition, density er properties
comppositfoms.pr oduct coati ng.

With respect to patterning during the deposition process, the composition of product
material deposited on the substrate can be changed during the deposition process to
deposit coating material with a particular composition at selected locations on the

substrate to vary the resulting composition of the material along the x-y plane. Using light
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In other enbodi ments, a discrete mask is used to
control the deposition of coating material. A

di screte nmask can provide an efficient and precise
approach for the patterning 10 of coating material.
Wth light reactive deposition, the coating materi al
has a specific nomentum such-that a nmask with a fl at
surface placed agai nst another flat surface can

reap R PR e T o ST Rravaged P SEH RA e reggignts tha

rea@ﬂ t2Fb2h %e"’;ﬁ@&ud’ﬂ ARt&NE 1} BY %@{n%tﬂl:: e&dcB6n bORid RN For example, the
Al so, the discrete masks® can have an intact

reastect»rf clsamlm rnrﬁssgres ifloyc rajese radnatnon gltmtty,bmdwélentemetgyévavelength

at .the. 15 ma rempyved act

cort PRERSTR iy i §2 cBRR S SP3BT of sfEeant now,

podifiorl 8f @RSiubaRAte th AnteEhéOHithahé @eéddcf Botv&it affdct e composition,
as-fornmed coating. For |ess dense coatings, the heat

density andrether proncitish sbthepaedicheoatingt er the materials to
densify the coatings to nore closely approxi mate the
bul k material density. Additionally or 20
In atHeeremstiddirabnts, shdsdnete masknat uskdngi tymtrg mhedepoatlbmggf coating
the h treat nent can, anne the coating materia
mafeiighcs %%Cé%{? aask, fan piovideypn Gliigient g Q&ftasle&paw%fqrt e patierning
of BEARG hh@Ral. SWE{B ﬂghtcrre){&fv@ c!lépB!;thn thE %a&%‘%ﬁ@rﬁ[‘ﬁ@s a specific
the Term consol i date is used herein to descri bed
mogengini isgelt thah aoﬁaskmlthmoﬂqjlwcface)placqf@/sgmst|anether flat surface can
mat erial.. To i date.th terials,. the p r
profits Fihticnt 5% B PIeU e SR P SR Eiar4top R e boundary of
thel 1B HERE MEBHeliRret&mask B o pRIIRA8 E1E@Ed 10chForROVAISS, She discrete masks
densify and upon cooling forma |ayer of densi fi ed
canypaveranantactTsedl-snppertngsiurure Walisaot ﬁ@lyiedd@ tlyd irfpog such that the
nsity of the
maQi?Eaﬁ{ ﬁ@{ef@ﬁé‘& gﬁ&’d?"ﬁ%ﬁ ﬂi?tsﬁﬁaéeqﬁatqy%%aﬁ%gy i e dl or
dopants of the dep03|ted particles, the conposition of

a subseq ently. nsi fied terial can be control|led )
In g, EHBOMRER el lsc%ﬁb'%‘él? {9 BeFioreh g?aéme@meahe PR @trdorgrsd coating.
FoPRE dénk€ §oa‘ﬁﬁg s, % AP §inﬁngﬁ‘ttc%ﬂ cbﬁiofllgﬁt@o? st ¥R materials to densify

mat er i al ‘crystalline particles can
thec oratings datmaoret doselyo rappraxiomas tthd Ibulkemamrxa} |da1151tyl—|om1deropally or

oG HEOPE: BooLae IR LB P B e efnH]an anmeal the coating
mafifal PhAdifce FPdafk UfifforhiiyQvith rbSpecCoYwérall |pkd}>%rt e8)58Eh as crystallinity.
either single crystalline or polycrystalline,
(general I'y sl ow quenching ‘rates) and a crystalline
Fo:!lj_%éﬁt%e#gl %ﬁggttgggﬁ%%%%)gﬁgt 1@ gl%'&? rh%l'ejrxﬁ/ t& (%?&b%ﬂ %Q%cgﬁon of an

amOPhbidl @gktdiked ﬂnﬁi@n@lf T[dkﬁ)nﬁcﬂma&&hé materialhie p5wﬂér©‘ﬂte heated to a
tenperatures generally depend on the conposjtion_and
tempsralgReLRYe BAE oW teRwepiiremrly ﬂleﬁa.tqmn,eraéurgﬁ Abe powders densify and

upcﬁls&ﬁ)@lhglf&% E‘Pg[ eflof 8&1%1 S%aﬁergaq’v‘q'ﬁé deQidalin msalg ay not yield a

partl l'es I'n m cron range gen
matexial thdt dppoxiantel dhe rbulle Meesigt of e tchapogvern. eslﬁp r@mtrglhng the
[ h .t he. i tion

comfisgice: wlfprigetetn eb heidtma el RIS HRE BRonOr  subsequenty

densified material can be controlled to be a desired composition. Generally, amorphous
particles can be consolidated to form a glass material, and crystalline particles can be
consolidated to form a crystalline material. However, in some embodiments, appropriate

heaﬁng and quenching rates can be used to consolidate an amorphous material into a
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particul ar | ayer or portion thereof, or a plurality of
| ayers can be consolidated at the same 10 tine. By
selecting nmaterials with appropriate fl ow
tenperatures, the structure can be heated to
consolidate one or nore layers to formdensified
materials while other |ayersixan renmain as an
unconsol i dated coating, such as a powder coating. Wth
cr}fsﬁﬁﬁl%%ye} QithaN$1é B3thaiRe 8f pQALUSHAtihL, I'(Eenerally slow quenching rates)
I I'i cori/ ger mani um based sen1conductors an “15
andap prystaliine pewderdntoorgasyidyer (zensryibt atapidzpiend. (ZMR) can
be used to process the silicon to obtain a desired
degree of crystallinity and/or to fully densify the
The®ERsi fiedtion | gendMRy id eformbd WathWotrbBedRatif of HeQedtpoSifti®n. The
surface to a hi tenperature but below the nelting
flopemperafuses g,qnleraglmdepqnde@n thg cemppgitioreandte someteitent pi the primary
S S r POS;
Pyl 520 R ER LIRS SRS PRUE oolFRE S Gl BEBiA in ne

su‘tﬁhmﬁgl fanb¢ @ateraldy Xigbis flompathleaier Een%&ralﬁﬂ%@f’eladnoﬁgrebﬂilﬁldmg larger
surface. ZMR is described further, for exa
pattjcles wilt diftsamesampegtiont gh D&yabsmanéte cgnsolidg .atﬂleééonnatlon ofa

partwlétgféfll%}s Br 595513{ %ﬁe?édf' 5132{ Fﬁh?y Bﬁﬁg&fs‘, Qg Bgtcgﬁsohfiated at the same

In an ar okoyama e
timbouBlya:*.elcmfmg hmat&hzﬂs: Mlﬂ'c hlmbpmite SMM t-Hn}pera‘tEx@s (thg, stv&Bﬁrﬂe can be

AB00 (2003), entitled. "Fabrication SA Fi
heflpqp <aryaldale G 9FGHELeBy o1 gh S TRHRT RGP e Ot layers can
rerﬁ%ﬁd%‘é ah Iuh@cfi‘ltsd)l%ted &Qﬁﬂ%%ﬁcm £PovME cbRGRY por at ed

herein by reference A | aser spot can al so be
rastered across the surface to produce a nolten spot

which recrystallizes. |t may.alsp be possible to heat
willheSgs 1 SoUSHRIT S et B R B sk seripphdierors, an
appvohdh fmlns@qm&nmen @edr'ynghmldne(zqmmst:@l bd ddttbrédebd gRmilicon to
30 In L%% reacti ve dense deposition, the coating

obaghadesitsddegrss dferyalbinitvand/or g fully ldFQISlfYothmné?tertﬁés iR &YIR, the
stril@BRSs heakd ﬁgo@%lsocﬁeb%u}‘f W { P Fltgga‘%bt {é]lge Bidhel 4 'i}neeﬁleltmg point

processing to Tdensi consol I"dat e coatl ng
foxashhtmu glhhadadi striprhehtepoodtdeskkay scamedt adrdsskibe pané andved opposite

to 14  obtain des oating properties. In sone .
S Hh STDg OF Bl P ot LT HEDEE A58 81006 B Gt g sirp heater
mcﬂ%@a%ﬂ@’th@fsuﬁﬁcd emk 18 Be4tibed Rt §5t exaRfHld, in ng t#aee’m 5,540,183

enbodiments from about 65 percent density up t

to D@glllchd @hsh,teytlmd tZamet MElt Redemiallizaton aﬁsgmcanducm Mstenals " and
in an faﬁlcll ! 13 Yoﬂﬁ}rl]aﬁnﬁadgoqt IJﬁ%ngl? %(ntEF ?l%cirloﬁn{tﬁggl 0£éety, lJ5((’)h(5), A594-

A6@S (50@3[ Entﬁléﬂa’ﬁ:eblﬁ@ﬁbﬂ €S OIFilnd @&h ﬂﬂFﬁErystal Uniformity by High-
corresponding to properties of particles that collect

Sped-ZeneMsli Gragelliegiongr hath opwwis rereigaempatsted herep i reference.

enbodi nments, the resulting dense coating is a
non- por ous naterial with respect to gas
A &bsospiti can/ dsts bephstered donossahé rsafhce Wl produeglat molten spot which

recrﬂess? | Ve E@V\a?yeéscg gtcplpg eftg gwli t:lz}gtentérPeZSratrrl elz teosth%rmeltmg point of

silicon with subsequent cooling to re-crystallize the silicon.

In light reactive dense deposition, the coating conditions can be selected to directly form a

~desired dense coating possibly without applying any further processing to

densify/consolidate the coating, although additional processing can still be performed to
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deposited as a soot or snow, e.g., a powder coating,
wth arelatively low density relative 10 to the fully
densified material, onto the substrate surface. Light
reacti ve dense deposition is described further in
copending U S. Patent Application serial nunber
11/017,214 to Chiruvolu et @@ ., entitled "Dense
Coating Formation By Reactive Deposition,"
ne a e reaetion
obtamr g%rsgrt%gréo%ggg gpertdg s t 15 %{no %gb%d; én[entts giﬁls material can be

depmttﬁf ated deseny ongt lehs raboﬁ&"ﬁﬂr@nt bxli‘d @M@hhéxﬂ&nbodiments from about
propriate selection of the react ant/ts)roduct fl ow

65 ;s’swsﬁtede@ﬁ@/ up fie thedlj density of thefilly depsttios watediplat Ay @s dgposited
I , f
el byt L RARBEpt i B FHAREPRER R A s o
pattticgjate festarssior darge poesdeprespdrding to prepatiesoof paticed thansollect on
and de%ot??iti on raneters can be selected to depo

the ysipes; g AP icaaling, 9 some anhpditpents, thq—FFéultmgS(iense coating
is f?‘H&ﬁf)&r@ﬁ?nﬁWi‘i‘aP%hci@{bthr 18\ga! ﬁled?ﬁ&ﬁ&gﬁE)ﬁ( ﬁp{:‘(q{tltakp Wth light
for " heterogeneous nucl eation and fil row h
reaptavet powdarcoatihg dspmmqnatpeﬂmlesfaac doromd ichin heaaaetdvet ﬂow that are
erature to _enha rmfi

| | h t
detgBUR 155 P3Pt Ao o B 6 IS SHIAR: B e AL LT gefity relative

to ﬂl@@ﬁl@}dd&iﬂﬂddlgn%nﬂr biXo th®sitifatdepdaded 1108ht rRadtREWesse deposition
thermal stress of to stinulate conpaction of the

is gesexibed Bxthgnn ﬁgPQﬂdélgde%qutEM rpplicatiorn gerigl 2gmber 11/017 214 to
ChfercﬁﬁqléF i 'T%L{l{] g‘s:ee Séo%tl%)% njl'n%ttu%} ioﬁ §c§1% eposmon
e par 6] a er

icles in
inceffopaledvbditim, bytieteréteat i Nng of the 'substrate to
rel atively high tenperatures can be wused to
facilitate direct deposition of crystal I i ne
The ! GO/ SRAERIY &Pra@ 30 A material coating, f
relatively densse%ﬁ ecfbéyer or o?mral}aieélﬁl ocpamg’ of
exmme,sﬂlrmxghuhesip;iwumemhbchem @If mhe rdaetahtl @bduatefkm ipemeters, the

po?g&ggtgwl Sé&l?gtlra € x€ f‘ltéYe S@eqﬁgﬁgagg%] Z?]lgeg%g e T e;él%re]: c%ncentratlon of

ineBte Biklicht | A8 arfdl ofher QYARKIEGA Parshétb&t UNLE fghPFeddfi®e dense deposition,
substrate, in which the overcoat structure is forned

reagfieh conditionre apd deppsitionldlaramesiers @dabe ngleeteds dangsit coalescing
spe%?e Ebﬁ‘l!rhg%}ﬂé\étlggs g’gl:iéa{h%gtrﬁg ?ﬁr?zfc%'cgg Wa&éeethrte I{gngceerssary rc1:ond1t10ns for

hetprigthedub atucleatiore kad $8ml gpeth.hds partyair} t}&Ssub‘sﬂfbﬁé surface can be
h qmgw de for the rel ease | ayer to decouple from an
C

&9 13 Feigti el JH g ttemPANURS, & HhRnCs, Lniksin filpy gpvitihe In some .
em‘BQ&'hHeHé Hie SeRdLAt &naﬂf% XBE(? Qiﬁf'm%torr Yitor 116 JB% El:éh&é?@on to reduce

underlying substrate l'argé area an
theghelnstresadf ®i Stmnldatea:nmpactlcglewfrthn iparticfesidusing dre depobitionpdior to a

ot TS iSRG LR 3l YL 1

otRP emBY¥@nicatC theHEARS &I theisHBUAYS to }rcﬂﬁl\reﬁj BhCemp¥@tures can be
can have di stinct properties that distinguish it from
uses tp fgcilitagedivast deppsitioa of crystalline silicon/germanium-based semiconductors

as a relatively dense thin layer.

For the formation of the structures described herein, the light reactive deposition process
can comprise the deposition of a release layer. A release layer can enable the separation

of an overcoat structure from the substrate, in which the overcoat structure is formed with
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10 substrate below. The term substrate is used in the
broad sense of the material surface contacting the
rel ease |l ayer on which the rel ease | ayer was
deposi ted, whether or not the substrate surface |ayer
was itself deposited as a coating on a further
underlying substrate. The rg ease |ayer may differ
fromthe | ayer above and the substrate below with
ond SR AGS AR arpoRnk, A BochRRp it Rime? ffteSipg white e
strddurel it @ssoaiatedewitht ttrddldatolagtr. elntyaeicubdat & reledse 14k &as properties
| ayer, can conprise a conpositjon that _is soluble in a
thal BOdecr 05 1EARE aygrf degrypésciromanender Bng sukstiatey an oyereoat or
f - Quer
Do T SIEMF sepdtE s EVETOR sV REAPRhderlily Gbsrate, he
large) e ramdethor clemental siticomtand/Fh getnmanirm f3ils denbée formadd as well as
the fractu | ayer, can be a“result of the deposition
ottt Sirest,ndie sEiioq STtiied cu R PrasEIeSitHg HIBTs R, such as
ph&tevolexaadlics opugpriyent i al 'y densifying the over-layer
while | eaving the rel ease |ayer at a | ower density is
described in U S. Patent 6,788,866 to Bryan, entitled

; ial nd Pl anay. tical Deyi.ces, "
i KBS Ve 81 3 A Rl B GRUnBRY  p sbe an
subserar bel@ns i The teth Gubgtt@ scudedyifirthe ®hcidadehye 6Atheb@aterial surface
fractured 25 wi thout damagi ng the substrate or
coRgREIaE releqse hayee opertich dergleasrelane vasodengpinde sdethener not the
. di L
oIBR8 SIS AR GBSt
The hddease dxyeo atayl differ fronihtbe lagerf dberve nad she substens belpwowith bspect to

adjusted o yield the desired differences in .
cofigiation el OBt iengurh StrtHatich iR ol caswPhblpde fagre. In
altétBatiVeAit 48R bnhDethBé e NG, MYQEIRAR 1S @n fcbRPrisd 2RFMPBsition that
_ structure or a releasably supported structure. For
is solbhpine seldstedrselvenke | ayer can be 16 deposited as a
coating with a density corresponding with a rel ease
| ayer porosity of at |east about 40 percent. The

Wikle sésbédtntg thé reledsdr Rydrays HamRnie PoJet, B8 refeadehRyer generally has a
fractured rel ease | ayer attached. 5 Residual portions

substantipldy loxyes deusity dhasy cithes Biejuaderdying sbstrate or sheeiseepat. The lower
: SHAe T e
GeRHFT 0Bk ELAUEIHIE o RESPIRIS NG bRy ndor ue

progesrgafolletvitg depaaitbhor Foreetsanils girefendntishy densifying the over-layer
imlarly, substrates can be simlarly cleaned to

whil sy Ere e R 1961 Bhe Lo TeayiErs b SEFPeq ot Mo st 685,866 to

Brydn® RRiiieH aN&k/eP MARENS n@aPlanB0DbGEH @eviag@,usinc@paxlla% herein by

qual ity substrate structure can be reused nultiple

referenges  Hhial resultl of theldowgr dehsitit thg aelofiset laperrgeghratjyaan thg fractured
n alternati ve or additional

- of t(%e substrate. | I
WItgl%to P&@@e flhbétratc?r%(%frf?agh of the rel ease |ayer and

t he
With respect to the deposition process, the processing parameters can be adjusted to
deposit the release layer at a significantly lower density than the overcoat layer. The
differences in density can be adjusted to yield the desired differences in mechanical

strength such that the release layer can be fractured to form the overcoat as a free standing

structure or a releasably supported structure. For example, the release layer can be
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overcoat |ayer are different such that the

conpositional differences can be exploited to

facilitate the function of the release layer. In sone

enbodi nents, the different 15 conpositions can be

sel ected such that the rel ease |ayer and. the overcoat

| ayer have different consoljglati on tenperatures.

Specifically, the rel ease | ayer can have a hi gher
de}g&ﬂgg Eqaéomﬁgfﬁ B 1%% rdr%}é%“ f :cso‘;quségndtrmgt ?vztﬁ;g%/ %gé::aos{ej:ltla)(l:e{%l por051ty of at
leastdbeuedd pabért. unconsol i dat ed MAth a | ower density. The

di fferent conpositions may involve different dopant

| evel s, dopant conposition and/or different host

The, ol t r r

Thgﬁlﬁglﬁhgé zitjrgétt%aent : H%%en c ﬁlélg{l’ noJO Ehe Prgctﬁy t%h fe;e(?@atse lgge attached.
Relsidydrpou:amsr(ﬁsthé telease dayen lassoaiatddalithl eiesieteasedi d¥eete@ansucture can

b bet wee Hg rel ease Iﬁger and the overco t naterla

SUFRCVEQ N Bl VAo MERYdE dnelpdiey i expinRle| ghggucalagighing, plasma

etcﬂh% #R¥orOhectiinfch P hEINHiRY. gﬁﬂfl’é}ly %Bér%'ﬂe st EPEE §1{n’rfa‘?1§' cleaned to
for processing adjacent” | ayers - into fferent ty

remeiice r¢sadunl aaldaser dayen rmnfgrldf HSIIng clrngieale cleayieg argl/or mechanical
scrihbed furt atent 25 6,788,866 t

pofi U, 1B 4 hiel el FORispiE S Ren BF drised Gpyifely times while

takidgvdds@stage bNhe hR @B oftBE Qibdrkxy. 1 ef er ence. However :
in sonme enbodi nents, the rel ease |ayer functions

t hrough the speC|f|c propertles of the conposition
I
in SRHElyy DERAAR0RD o SHESHL (68 bl Ui SR IRE S o e

overﬁ:oatth&yai)\me diffdredtayeh tisdtche thpoditioriah &iff@enee sah e fﬁ(@l’bued to
ennvggpr damage. .t he rel ease | ayer. For exanple

th
faglipieathe fuprdiPn coh thie releasembayer.r oM asoms @IbediRents ﬁlle different

coﬁlbé’éltl&@ncéﬁebéj isSI@by &dcH Phdt 6he3sRadeBy QY SIS BRL overcoat layer have
material. A 17 range of i1 norganic conp05|t|ons

difagent a@m@lfd@hom teraperatures c obproHicallpntheFeleasex baypt ean have a higher

chlorid nitrate ca e d
colfRlighicR e i s Eiihe (ivbfeBhC ot b Ay BRLF IR Ihé' FICRe layer
rerf&Rd bultadtially hBesHsGRART Mith CO MR NHénaHE dﬁEQﬁff&‘égt édinpositions

the process, although in other enbodinents th

mae/eln&lg@ diffgyent doppmsdsyals. clepertreomepoaition andics rdlffﬁ@dtulmst Hnaterials.
Thl%vI Joﬁbcﬁldtaﬁgnn %22&1% rbbgfer3 t05t gﬁ}]f: gﬁg tﬁ% sugitantl 2 gacg)égoé1datlon of the

reletsa daytey carl hesutidp QSSLﬂ)Bt@ﬂtlalfdeﬁs@OﬂﬂﬂféP@ce betvgRnitBe release layer and
ng i reactive owder coati.ng

t
the QARG (BT hineay By FDIGRS 08 TcBRBRS rgasariaser. The use of
diffr&fifal QRSN daabn Cebedafired Q&C rrlgk&%gslffgsaﬁi gﬁ'td 'ld(}%ﬁo ;o dlfferent

Pat ent application serial
dengity  matemals tahéd‘rabﬁaemgtcpfvtdae DQIPMI layamisfdescribed further in U. S Patent

o A S, o SEH A OB SRS o

herdRCi\aiRtesEnde0 I el ease the overcoat material wth a

However, in some embodiments, the release layer functions through the specific
properties of the composition rather than density. Specifically, the composition of the
release layer is distinct from the composition of the overcoat layer such that further
processing can remove or damage the release layer. For example, the release layer can be

formed from a soluble material that can be dissolved to release the overcoat material. A
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desired conposition and structure. In sone
enbodi nents, the overcoat material can conprise
si li con/ ger mani um based sem conductor structures. The
material nmay or may 15 not conprise a sel ected anmpunt
and conposition of a dopant. Appropriate processing
steps can be perfornmed beforg or after rel ease from
the substrate depending on the desired objectives and
[
a5 SAMBNNEACRC Blalig ] ERLIE AbbdofBbE Foy gpampte. o
metdl childrideoor gmtammdraxmdaﬁslﬁddepa@ltaiemlﬁg)radmt@bs withogét any further
free standing structures can have an area of at | east
reagigti SOyt P4Hes © é’ﬁffiaﬁ@gél"%tal epppquid ape depesiied datthe process,
AGGRHTR i e RREAPEs L FAQS T <O ich L fe 230U produc
wién'apth@i doeting straani. qlike velylsle iimpridge céraposiiorocanofe deppsitadedith any

dev' ﬁg? h lﬁmh VI E@og%ggélﬁéhlgor%gﬁtg c?qggﬁs?t?gr? Hsngg ilght reactive
poﬁfﬂéﬂ ESUtihg lePBHi SHNfSEHeCRRAMIINOG T ERYRR® Sokh el%@tr&@l\éﬁm%l cell is
thi ckness of at |east about 2 mcrons. In additional

deggribed ireeongnding léﬁbB@tﬁmteappbcatx@nesenal rrmmlz;:rtlm&ﬁwﬁérterﬁcmne et al,,
/ e nlum es. ¢ a ciat.ed wt

ent%t'léd[ ﬁgér} \ge f6)r th fOI‘ g)c T:rmcgf‘g) ﬁﬁ)éO(?Lg? 18%01‘8?1‘& ed herein
by&agumuitlnate deS|red structure. Suitable associated

| ayers can be conpositions conprising a 30 silicon

conmposi tion, a gernani um conposition and/or other

0 [ a

Thg% Je Pé?%sg I%QFQQI‘? Ip%és\g{i] rEgcrh algérat%gxlﬁ?e’aseatﬂe 4 erca%?g‘iatgnal with a
desitedf aﬁm[msﬁfontdﬁei stsmmmmonﬂuedimé .embodimaasg cthatoedrdoaty @faterial can

can be_ fornmed ejther above or below the | ayer(s) of 18
CORPTIFG HHPJUESTERNUR-BASE Femiondusion diishurese| Abs peatqrisl mpay or may

nof 84BRSR 4 AMBEted THRUhNASK BES ?os%tql o QTHRB! 'Rﬂp@f)rlit@%rocessmg

associ ated | ayer(s) genera are sel ected based
step eanglesspartogmed befote ort #fter $¢1¢21$G tfiometheSubsirate ﬁﬂpeﬁdmgan ithdesired
b @i Al BRogaRuer YR s e an b B e g

appropriate localized features that form el enments of

the devices. Specifically, it naﬁﬁye desirable to

In sether AMPREMSNLS| cofn/lgegemeita, mitas deyese npl oviiersy garmanium-based

B
serfOHEINEE e BB SuRBhG ShlGDE EAMLAASI LEALE QMR BRHE D00 square
certthnetﬂsdlglmdarﬂy,cthe ehedtmearshdvemrd»@mga’ammb asad more than about
em cond OSItJOh of

tor sheet
1EOPSI Lsf-ﬁ% ° fi7é ag rsﬁ’@ﬂ G‘”@an%ﬁ 5’61? Blrtledo\‘n ynigue ways in the
for%ﬁ%@ﬁ Sﬁrimﬁfdijeat BeVifesC RS kdvitPadn GRARIAS ARdAR] c.togs_umptlon

physi cal anges. For exanple, in sone enbodinents,
Furthegmong an sgme einbodiopsats, e thmrsulnczomannamumtsemndumglayers can

the sheet to deposition of materials
haygq %“‘ikﬂssssﬂfwe{ea“élgﬁf@g?‘fcé % materials can be deposited

onto

In additional or alternative embodiments, one or more thin elemental silicon/ germanium
structures can be associated with another layer which can facilitate the formation of the
ultimate desired structure. Suitable associated layers can be compositions comprising a
silicon composition, a germanium composition and/or other inorganic compositions. For
example, a layer can be an electrically insulating layer on one or both surfaces of the

semiconductor. The associated layers can be formed either above or below the layer(s) of
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sel ected | ocations along the sem conductor sheet to
formelenents of devices. Any 15 structural additions
onto the sheet can be performed using |ight reactive
deposition or any other appropriate deposition
approach. In particular, printing processes, such as
inkjet printing can be usedigo deposit at specific
| ocati ons dopant conpositions to provide dopant to
s11f38%:g£1¥na§1n§n-%ﬁgédgs%ﬂflgo%rdﬂgt& yg%tp\%st%dthg ?ﬂ%é:sg rigye(ft ofhestnlec%ess and
andror 1o provide a conposition, such as
coppbyisor anthe dshatiated ybls)pgcnedlyelle s¢lt@edbartionanededid use of
| ayer. 20 Wth respect to reactive deposition, it may
the;¥rugss.r abl e to form stripes, islands or the like of
t he silicon/germani um based sem conductor on an
under-layer. |If the under-layer is forned adjacent a
For édiccfosmatiary ef detibes ixatd enreegknscoridnotor gheetpthic sirubtasegenerally is

sem, conductor structures. c be fornmed over an ,
m 9‘{1 8 Fv%aPWOBPa%HPFIBj&FSEﬁ%PWé rtﬁﬁag’é‘ﬂ ‘gFmB@F Widhe devices.
Spk&ificaly, WEGY Hedd&lrakBdo kel thi GRAoHSEARM; HAtASKE Sbmiconductor
sem conductor structures. Alternativély, a
stre¢tiies.o Thigepatemingncamfesilitate subsegnentnigeice Ifaryeatioparl Heefeatures can

atterned rhrou et chi or.the like. follaw ng the
be G ET on m8: RPRGCEi T abRrgerenermpesgescd teilebndfor shee
an@Bib§ AREl degRitiondyfembtetials htS theSéthlthirel MAHdiBBatRAr §OtheBHeet can
before, after or during a heat treatment step. If the
relate| foc exmppsitiangl (¢henees ed&snioc phisicel whangeyer fe) ekample, in some
' t e I . i €l
coBUREEL 08 HELSATBl BYE! oI A0 ABA0RBE B YTy s
to ldaywsit{a) of hlaeeriapsabiter the nflectadpgropae frodatemals dei ibeadeposited onto

deQ?sitLon throu&g the use of a dissolvable materi al

selggted flogatigns Ripnecthsyvsmieondtrion sheel| teafoam) elgments fodgypees. Any

strhdBral 861 @nsSI e HRGHRE Jah%elﬁe}‘f@rmé@usiﬂ%ligﬁ Factive deposition or any
enbodi nents, structures can conprise both an

othen dpprobagterdepnsitiom approadh. afle garticalaer printinghgrocessgse sudhvas inkjet
sj.des_of, the .silicon/germani.um based sem .conduct or )

Priplfg fpl e USkACly SO Tl PETES dPCaliog SPPAN SeltiRSitgng Jo provide

dobait @6 niGaNfyOthe FRYcoRPlerRarMmtRsed Edticbhdudfr shedt@ndiod t& provide a
resul ting device. Thus, the ability to forman

compgation, syd asor palysilase dhatrn e pragessed i 8 spmispnductor layer.
consi der abl e processi ng advantages with respect to the
formati on of selected devices and/or inproved

Wish regpédt teseatiive depobition) i magtebeéi desisabld to foekeli striigesailsladds or the like
g&%egnative enbogingntsh t he sheet can be cut_jn .

of dacs gjliFop pomapiurh based Sepranduden paaa wnderByeh i Hsthe apderglaver is

fox%gda:?‘?g%eﬂfe 8reldd§e PREL 1RO %)faﬁgrnt‘:&" il geRe&lium Has &P 8niconductor

odi ments, cutting of the overcdat structure can
strbgunee céroberfdmbeé bueraananmdenlayerf weh ot wghowtemothat material between the

on AR b DA A P BRLE B il SURSER e o
sil%ﬁ?’tgf}?]&hilﬂﬁ 15/RAE) HF &t 8sddratyeplcad BE pateadd @t SugHWidhgh or the like
following tlge deposition of the silicon/germanium-based semiconductor layer(s). This
etching can be performed before, after or during a heat treatment step. If the
silicon/germanium-based semiconductor layer(s) is adjacent a release layer and an
associated layer is placed over the silicon/germanium-based semiconductor layer(s), the

patterning can be performed during deposition through the use of a dissolvable material or

following removal from the release layer through the use of etching or the like.
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of the overcoat structure such that the substrate
surface is not significantly damaged. In other
enbodi ments, the sem conductor |ayer can be cut after
deposition onto a permanent 15 substrate to form
structures for incorporation into a product. In
further enbodi nents, the shget is cut after transfer
to a receiving substrate through the rel ease by a

In rsgllllgae?@oddﬂ'x&[gs str-[llaﬁlrésega%' {V,&ﬁ%ns%ug&fl At lgncfe?'i]ass}%? agfl an, assoc1ated
per manent subsStrate or hol truc

layés onothedresfatiee sides Meeﬁbaﬂll/g&mhﬁluni lbt&ed semlconductor layer(s).

SI|ICOQ %ernanl m based e%P1conductor sheet 20 is
Algop pRRdgnpYer FndQr ppstacked WysTHBRY Onmay nehBw Videyaungtional role

b hau)dRea S REDI TR E b My

n resul Héng pr od—ﬂ%t Fo&J &221% Ifﬁnde% E%@F:gﬁ %E&S%a&i layer can
propindst ovrsideadble posbessing atlhmt@ebsmt}atrﬁpecamobéleafoﬂnhmm of selected

| ass OSSIb with a thin Si OX assivation | ayer

de%ﬁets pr(’t" %SE?‘F‘F&%%H é’é?“r‘?ﬁl% Blgr‘{‘geassed sem conduct or
sheet is fornmed. The exposed surface can be further
processed with patterning and the like to form device

In faddltlpnelowp@lrt%matm ¢mbedimieats2 Siepshpgtican bRoguteinamgsb@ation with a

S ure_ can be ocessed | 0 a fu

susS, S5 1 Rt Bt ROy SR IR IGR p 8 s el 1n some

emby@iinents! ehtaag of |ty evergamefradthie Garbedserfomlee Geffle bAd/BNEfter the
or nore processing steps to prepare the material for

OVEIRRAr YBICAY? dh SecAwuated famyt theypdstratevatca. releage tawese For relevant
ek 7l PR TAT: Ut RRS FA0 SR AP g coone
of ﬁtermmmestaepae ateldthat thetsbstedte antack dy aot, sigiifisaritly ddmaged. In

roc S|n ste s perforned w h the structure
othg F%}gﬂ‘élBP {6 Seinoey ?rel'g&?{c?ag%é%ﬁ qrileposition onto a permanent

subREraeas Soid stﬁ&tﬁ}%s RAThQIrp&Bdtid o Elﬁ?ocﬁkf Ut fdkBer embodiments, the
separated fromthe substrate. Etching or other post
shege gﬁo@ntaﬂ@h trpaferetord rﬁgetymg wsmtr:ftbnoneld thyefebgase bpfat retease layer.
a heat st e
TEREeRindistbbifls S Rlf Bl AR e B sy by fipastppeture
i nvol ve aSSOC|at|on of the free standing thin | ayers
with a halding surface. The hol ding surface may be a

Asriofes) abpye 4R seme gmbpdignants, Hhe siljconigenampm-hased esphigendugfor sheet
is #d?rﬁed Bhto ol?% spﬁ’itgl't@}g taﬁl%f%a QGSOE[hétetHP?&%%ed structure can be
ohe of noreé

ocatron to {ormance o
forpreddmssai mg;lﬁﬁgemdudtf th exquﬂdl fngthe foineat®niof atphoebRAY module,
s can be tenporarily. secured to the

h
thet %ﬁ%’@ G LSS, 24 BN 6 B SIGRG Tesuitopgyer gnto which

theAFBQE/ @hh MuMl §Redsdralb M dto? Yhder GE105RBd. MR @fﬁo‘%@d k¥ face can be
stabilize the thin structure during particular

furrheocpe@smg wittepafteriiog anfehé dikerdo iform déviee fdroinowpbtativ into the
preifics B S g SOBliRNRRRBH BE of GGREH gntoyp dulb ghotovoltaic

modulef aces to increase the optical path | engths

An overcoat structure formed over a release layer generally can be subjected to one or
more processing steps to prepare the material for incorporation into a particular device.
These additional processing steps can be performed with the overcoat structure attached to
the substrate, with the structure separated at the release layer, or with some of the

processing steps performed with the structure attached to the substrate and some of the
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15 within the material. Texture can be introduced wth
a textured substrate with deposition over the textured
substrate. Alternatively, texture can be introduced in
a deposited surface in the deposition process or a
subsequent etching or other surface nodification step.
The texturing can be randomg pseudo-random or
ordered. The porosity. of the release |ayer can also
e 0.l r : ah..t e _an, subsequent .
prRELACoAALY Al UL VR AR FABE G SR, Exting o
oth®f pbstafebgsition patiemihgses 5eperéaridd Bebores Me@t sndsroMirig any heat
for the production of large, high efficiency solar
tregtmepisteRyfag Gpnspdidaionsgnealifig. ot her devices based on
t hese sem conductors sheets. Individual solar cells
can be cut froma larger sheet as part of a solar
Addrionalpproetssingr pat imvolvel assacistidraof el frepateldingt then dayzre with a
.plurality, of i ndi.vi dual  cells that are connected .
hofRie i Bies-offbS aking FTCE I Bsbe § BTl R ionco e dhBde e within o
deigd &S usd)Ure@e endidifg QuERE m49! B@Qeteﬁfpoﬁ?f 10&0h ® Defitate the
the cells connected in serieS have additive
perfrmanes ef ene oxmore procssseagstenst dfitherhopding buréice py uipdeary, the thin

pncr d current. asanabl. osi ti oned ll.s on. a..
layk 3 af B8 SmBiS Serped TS MR R BPREt bEPTG St i ke, The
assBtighér meal a CONIME koifsce chem¥éHaBitall QtaBURE tBE GhiRaiRIcture during

can be appropriately connected then 30 to an external
pargiclas progessingistepsit . 21 To form a photovol tai c nodul e,

an additional |ayer, such as an under-layer or an

associ ated | ayer, can be incorporated into a structure
Fomithe foraretioaof aphetolvalyac selbfis well hs cther gprspriateideiasidis desirable

em conductor al one and/or layers with dopants to form

to B@on&?éalre QRN rtop, 288 Foltem; ¥Blaeictomeressethe ppftcal path lengths

witPRe rdtbrifl O exfRE BRNb Mirdd0cIPRRA @ textBred sSBtRte ?ﬁt}hl deposition
h k t form

as a bul k sem conduct or and doped donai ns tha

ovgsdhe feghwediubsivatt.a ddtsrative potestueicanibierinigerducedin a deposited surface

. callectors. A selected additional |ayer can f tion

in 8 a0 g B ST uBien O i brnf B OB Fstep. The

tex8itiniga@ 1 rah@h; pfRulesEidsa, 0P drded® ! THEPoRIsRY. of the release layer
function as an antireflective layer. 10 Photovoltaic

cancd$q ke wied d@) irBparks TqueB fiextye omerbseatens layetsson car bi de or

all oys thereof incorporate a junction with a p-type

sem conductor and an n-type semni conductor. The fl ow
Thehvailabilentf thed, Werge area sil ot/ gewhdnérh Masederig@dactbesheets provide

polarity can_pe used useful work. The efficiency of )
fortt_ﬁ% PRdgER 06@5%3%31 siigieney gplar fedlsy displapt Anpvelrisrother devices
basf%ii BA ehek 8&hicBAGRuCtRIShdR! 8RdiGRINal SFERMBINGIn Rl BF ﬁoﬁl_rhe%rger sheet

ow to suitable current collectors. After 15
as part o pelen oel] pated fohoativngeher asokad cellgunelprthdrolage paplurality of

indg:va}{l]l?a?tceﬁs(,e thiit eé(rje fC(())Ignelc’:IPegfi}Jllpa\{\elllﬂ’ek< and/or in series. The cells connected in
series increase the output voltage of the panel since the cells connected in series have
additive potentials. = Any cells connected in parallel provide increased current.
Reasonably positioned cells on a panel can be electrically connected using appropriate
electrical conductors. The wired photovoltaic panel can be appropriately connected then

to an external electrical circuit.
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The processes described herein are suitable for the
formation of desirable materials for photovoltaic

cells. The use of thinner sem conductor structures

results in a saving with respect to materials and
correspondi ng costs. However, if the sem conductor is

too thin, the silicon does yjot capture as nuch |ight.

Thus, there are advantages in having a silicon/ 20

0 kn nQ._nore
Toggjﬂ%'g?ng %@%zt%% ﬁ'&%ﬂ]lfééas%? ?&cﬁtrlona? lg% %ﬁ(ihn %% I ncﬁere}ayer or an

assbbiatetihlagers h@at Be dhc@pdratdnirgerarauctiredas@®done or more layers of
sen1conductor provi de useful substrates for dis

silicoppermantuan-besed semiqondycier alenseandirilasruyith éppegﬁ%&foera@ -doped
an(pgr fi- doééd SUHRELE Eﬁ)rfl ersI ste& Qﬁlr@oﬁ)e@ @111%];)[1} ge%rﬂlaflfuh{n In general, a
transistors an or ot Integrated circu
solennglb hama sbullemmmomdl&tdr hanld dopet clondurst that &dreepartioan obeontacts
| ar mat di splay circuit th.one or nore
aSSPFIa% r CHEDhC Oék%tafﬁm (A é“j%‘ﬁggp arx]eatlon&ﬁh leyeesant fumgtion as a
paééivraﬁb'ﬁ 'iailep G\ tHeeﬁbff’tCs%rfaéé TGt UEHESe HObSRY }pﬁas%idah&q May@P can also
gl ass processes I'n géneral, the sen cohduct or
ﬁn@he@a$md€®3¢ﬂ®mdeherE|n prOV|de a cost effective
approach to forma range of devices with a reduction
in the use of material and a convenient processing
PhbtovéTedic cEle budkd OsNisilicod! deffBadTBMmerdifdonaRErbIdE 0P PARHs thereof
of production are 22 S|gn|f|cant paraneters for
incefrorae énungting wishta eﬁmcfthmeor@@m@erae &n rpmaw@mlemductor The
h 0 eets
ﬂo& c(}l?%ﬁ{]@%gre%é Xm?ér}t e(r%l;np &o gggssﬁe olgnt} be usg u%cifgl work.

Ths l&fﬁcﬁéﬁc@ dfahe @tddess éet’jienﬂzom‘rﬁzirt on thé rét:ofrmﬁg@loﬂfrate since electrons
ntegrated circuit, and other structures. 5 Product
an@t??%e%% regqmabine sbeterec theyt flemowe Lsuitabler suenty gollectors.  After

recH@BRRtibh Ofhe ARtbEIRALD %fec{rbﬁl‘%fégpdhe et e Séed §5B useful work.
general I’y conpriSes a reactant ['ivery apparatus

The fpaacesties alescsibad thierein ater suighleafor dlaxc fdrontichafidesirabld giaterials for
PSR Bl PR g el PR e LS pebl s wit

. respétt GO MRS ald SuScorREpSTRINEY bdtts. PHOREVd:] ﬁ&h@&n@emﬁlbtoeds too thin,

or_ With additional procesmﬂ%lu The Teaction of the
thersiliconaloes petrapsk esmyFatight ﬁ,etheréam a@wn@ﬁmémwrrgwesﬂlcon/

ea r
s Pl A0 A0S o el A Aok g e
mi¢rbad. | eads to high uniformty of the product stream
Beyond the reaction zone, the flow can conprise a
product conposition (solid particles, nolten
In RAditibg! B2, N INQEs YRRACHn/ oM BARH BHsdd® @hidBidictol Drovide useful
reaction by-products and |nert gases. The proguct ?Y
substrates dint |dmp@yt ocompateptssi th grartsanldradlee semicohdwtorasheet can be a

subﬁga@ e gqr &I . rz]aflﬁlfé (%ﬁh g}%g ag u Ct R n(ﬁg Séx}d&%ﬂ p.}hﬁﬁ Jijtegrated circuit
corfipdtiehts. OThiscakd & %eﬁlsbohh@ctéﬂ gwe@%nrwgé fHnaP ARGHS! circuits

conposli tion fromthe
with one or more transistor associated with each pixel. The resulting circuits can replace

structures formed by silicon on glass processes

In general, the semiconductor sheets described herein provide a cost effective approach to
form a range of devices with a reduction in the use of material and a convenient

processing format. The uniformity of the material and the speed of production are
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flow during the course of the reaction characterizes
the reaction process within the flow ng 20 react ant
system al though the reaction and/or the deposition
can be interrupted at appropriate intervals, for
exanpl e, to position substrates, alter reactant
conpositions or for other processing considerations
and the like. Thus, there is a net flow that passes
. f i t e C . .
sigfREEE Rebmel ol OLR o %6e°ARBNE Gliinbief production.  The
amendbiktgtofdhe sentiostgluctor Phigts toTe:fﬁciEﬁtt fofrhouf fidthebprocessing make the
conceptual Iy _divided into a |light reaction zone, a 25
shecgsapuptable 191 SliFigp. forpatan dfiadgange’f integhted:isutt jnpgh othspgructures.
and a product flow down-streamfrom the |ight
reacti on zone. These conceptual zones generally nmay
Pradlott $yarthesis Wéittph Y\ RlescianeBlowboundari es, al though it is
cl ear at some point that product is present to forma
product streanmi flow and that prior to reacting the
Li%h@&gatcﬁﬂé Yepdiftiod! aélukath btheP OSB! rehdtart NGstEBRCE@REally comprises a
| ow stream 30 Light reactive deposition can
reactanodqlivemt appprabs tbat disaisasflew dhrougr s aedctipn ghatelves] dpgt reactive
far. th riicl roducti.on. wi t-hin.laser .pyraolysis, a
depRiioh e Glibleiaf) B HSELofGiotior oind REGHA GBI E Wigs Pange of
cotBpssitici | ad, mbtegalv Pfo‘péﬁtiieb iak Ydepbsife@r 6H With Paiditionhleproddsthg. The
a_range of particle conpositions and 23 structures o
reagign B’fgﬂ’ﬁﬁﬁiﬁt@ﬂ floyr takeseplpes athie gaactipn charmbaigsThsyusei Qfii radiation

be{:ng,?re%,isa?/ IF%hg HERY itB lhq?e We %&cﬁ"on &a@q@é’?ﬁﬁ}? la ?ocrriﬁ]%gq'ez!h Hon zone that leads

ons &nd structures. Laser pyrolysis has
to high anifortdity of tlaenmadwctt ttezam. Bdyogy tHeatactibovworegtheflomd el comprise a
reactions. driven 5 by an intens? radi ation, e.qg.,
prqdpgh¢ompgsitiqn r(af31ddpan%lﬁ~°e HPelEEnoRariisl & GRY op pRAT) [UBEeagtefl gpactants,
reac @by BroBuct Akd ¥ BRE! TAB pfRAAECHLWIelH &%ﬁnwt_otafweﬁosiﬁon surface
radi ation. The name, however, is a misnonmer in the o
at whigh et leashe persian af thepradusisompoesitias ssrhaswssted om theiflpwas agoating,
strong, incoherent light or other radiation beam can
replace the laser. Also, the reaction is not a .
Copifiuduy Siply of réxetafRns ah®@flod andnemavdl dHrédues cémpdditton from the
| aser pyrolysis reaction_is not solely thermally )
flowrqupiag t%f‘ycq%@ ofthe xea¢tRsy PhapactereIbE Teastien progess within the flowing
S £ i ' t .
resb B S et dbgh it readlin 3RTE: GTNGITRN i ot Pt o gparopriae
intevieals.e foroexaipld)| to positivn eutissste natea rreactdns exotgdsitibisoBt for other
the reaction, in stark coptrast with rolytic flanes,.
PropRSSINELORSITAIQNS 78 tﬂi’eoﬁﬁe' B cibersy e el Hows Tt Rpysey segyly from

an lifl6t ROFROSIHhEQES 1L AdMESEH &Mvér? WBbarathe tb 83%ent ienerally connected
deposition. The reaction conditions for |ight react’ive

threleghos iptinpn Teennds dlayo narr bé Icentepiuellyndividsidyintor @ dightetegction zone, a

d g o g .
realfgifint Dol 5ot AR oot 7€ o5 5 SRR fif B woesrgem from
thePli@d Wedctibh Ovhe: haThaet @htdpial Sohdf %eﬂ@ﬂémﬁ mdyend'RAPE khdrfly defined

of the coating forned fromthe flow, although other
boynglatiess althoygh i 19¢car afpranepaintahaspradyet is prebet fafosmarpgoduct stream/

ﬂo%?ag% Eﬂltfg Prg{? tf ?&%ﬁﬁgc‘ th@ lrechgtainﬁf Aou&%&?ct Es%‘?es%&% it.‘rpegreacta.nt flow/stream.

Light reactive deposition can incorporate product composition versatility developed for the
particle production within laser pyrolysis, a light driven flow process for particle synthesis.

In particular, the versatility of forming particles with a range of particle compositions and
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20 For sexanpl e, the reaction chanber pressure, flow

rates, conposition and concentration of reactants,

radi ation intensity, radiation energy/wavel ength, type

and concentration of inert diluent gas or gases in

the reaction stream tenperature of the reactant flow

can affect the conposition mnd other properties of

the product flow, for exanple, by altering the time of

' c p [ h:the t,on... .

sl bifbs Rlenl O0of RHATRERSCHANS L ubRECIRTE LpRivon wit o
comparabid ravge iMmé@npoistidts indsaipasgst | ons i n the product

flow. Thus, in a particular enbodinent, the specific

reaction conditions can be controlled to yield desired
Lad¥r %gfb sis fids DUcAhOBER" stdn85rd t&%ﬁncﬂg ﬁ)?rﬂogfi% El‘ga?rﬁ'%dl 9{5'cti0ns driven

conditions to produce a certain Type o oduc oW
by geneterde| rgdiatapne e, dight, Ivdthdmpidgruendhingdhef praddt paitiates after leaving a

appar at.us. Specific conditjans ysed to 30 produce,. .
narg QY SEACOR I SIS BY ik PRl | B BuPS pueNere i Fisnomer in the
serfd@ R4t Mali@forP 3@ nBALIABE sARORT @hch B hNEoRE EhcSHékdnt N8t or other

herein along with appropriate enpirical adjustnents.
radfagion fheamoean, replaerethe dasey eAlsp athe agrstow Htricd apyorlysihin the sense of a

rel.at] hi p-hetween reaction.conditions, and t g
eGP CREJERT TahEEt roRush ol FRBu] Biepbffy dgpen by the
exdthémi© @6thBiktiof  dfeBe réafants) f Il €€ eint fEndlemsbdivhets, 188 pyrolysis

coating. Another 5 significant factor in determ ning
reagctiens @8 thiergnectesinder gondifionp avhermae Misibla light eafissgme drcebserved

& 10 it i . : am Reducing the
ﬁo?@?gﬁﬁg%%%eﬁ%%é?#@ﬁﬁﬁ@ﬁ&éﬁﬁﬁ%&f@h%g rel ative
concentration of condensing product conposition within
the product flowresults in a_ slower particle growth .
Th ggashep 60 Hins &0 atermior 48e auakigics e Hiej PBMROsERTPiodeGed by light
rea 1veﬁ&’éi>@ﬁﬂ§x’1.n The PEREME Eorfi@tibnB ForCIRsH: FQlcliGd d&bsiBibh Whi Bg controlled

wi th non-condensing, e.g., inert, conpositions or b
relatiyelyharegisely inherder és quedicei compasifiprednd apirespofiding coatings with

¢condensi.n roduct . t o, non- congdensi, n c.onposi,tion .
e RRIRHIR, 00 PRt DB LBl R S iR ERaR Ry The propertis
of KRd¢taEHg tfoinAld £6MaBBIo, alRough’bther fadiohd, Suemhs Rinbufiire of the

&gﬁgOSltlonS have a tendency to coal esce at different
sugsia

qngdicoding parametpissdrednilpéneathedopdng properties.
correspondingly influence the coating density. In
summary, the coating paraneters can be selected to
Foneljangile tthe reaotdd cguntben presyure, ffowVBitey, camposifion Mdeconséntration of
. i nclude, for exanpl ous nmaterial s,

rea e, SRR TG FadbALion FACKBY R AIRDE BN OPFIAGH Gofcentration of inert
dilfrk I%Qéjglhgefs@sr inStht ir@‘f-eﬂélg %mlt%ggﬁ?@o%g‘r@&%y ﬁggrcan affect the

materials crystalline materials are of particu
composti@sand dther prgpartiessaicthe peoduetpibsi t foo mxample, bycaltering ghe time of
nat

ﬂié@ [92{ eér?é&ér&%@éoggét%gg:lﬁq Ill,?]g&%'?glg%)gg a%cril Fhe 'avai ragili%f 0% thmic species
that recombine into product compositions in the product flow. Thus, in a particular
embodiment, the specific reaction conditions can be controlled to yield desired product
flow properties. The appropriate reaction conditions to produce a certain type of product
flow generally depend on the design of the particular apparatus. Specific conditions used to

produce selected coatings in particular apparatuses can be determined based on the general

principles outlined herein along with appropriate empirical adjustments. Furthermore, some
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20 the crystalline or anorphous structure of the
coating. To forma desired conposition in the reaction
process, one or nore precursors supply the one or
nore netal/netalloid elements as well as any secondary
elements that formthe desired conposition. Wile
there is particular interestys n depositing
silicon/gernaniun}based 25 seni conductor with or
ger}eral Sgrc‘:/gtﬁ nsgér%%l)%e geg %&Ogﬁpgt egweerxlls ?e\ria\lngtﬁ%n gér?dét&cgng dea T the resulting
cmﬁgﬁﬂﬁﬂ@&yq&hggﬁnts. Secondary el enents include, for
exanpl e, non-netal/netalloid el enents, such as carbon,
nitrogen, silicon, phosphorous and sulfur, that can
Th® Q/eio@ff ro‘? %9%‘%%&1‘119%9%%{? taﬁ q?ﬁ’l!te‘hh@ %P E%H?tof the coatmsge Another
conpos e reac ream genérafly co
sighiffieard eﬁictbeah rieteahingdthe acbdiig aieterois dlet ﬁfrﬁ&tﬁdﬁ@h yof product
netalloid el ements 30 as mell as any selected .
corgRRsEiBa Bl Birgrdbet sreegh nRadyroas thevie icqneegiigtion as well as the
rel R IcBA@hIMtiondIRBMehShE prddddi dbin F)Sglﬁén {Nghjﬁﬁﬂé ARBELA T BwW resuits in a
proportions to produce particular product
slowenpati¢lt ignoveth r2% and kmalomposidsi drheotlativecoreanttation of condensing

t ream.can | usted al t he react
ProdU oD e el ol e B et Perdepitrick e esopaositions or by
nig €S PRE&Suré OwRIP D Ghiell | fAflo 251 BARRBShE | B®duddafe foRRondensing
t e particular reactants and reaction conditions, the
corppqsﬁmgr@ \@yﬂhp seductionin praspurecgengralle lqaﬁ@g tg aedaiced total concentration.
%réglc ten t Sﬁﬁgéé;mgggsﬁ!ééen% J: L engenc?/ OTELY esge %t &1H§rent rates within the
produétf f&)’v@,n\b}nelﬁ fchie lc@rlﬂéspelﬁlﬁ)ély ITh e fh@t doafing ﬂérﬁnt? hén summary, the
product, i. yields with respect to, unreacted
0031?&8 SRTaRIeEteTs 948\)9@\?%1?0“’4 teerdasbiia coasngidges®por at i on of
each elenment is a function of the anount of that
elenment in the reactant flow, and the efficiency of
Matermbsr pﬁ riattE'ras'n gemanalbe indudsi rfoc @kérgpley amogtheds bagtedhlgnerystalline

el GRS Risban e oS e e S Fericonducto

ma%'a}éed?ysftﬁﬁﬁé nfRFiaftess rdfRei ek Qhteredf. € Ifl ﬁgh@féﬁalv%odép@§1tlon the
high yirelds with hlgh reactant flows. Furthernore,

coztiaiglipefageters, dpipexepipicaineluging dhe s@m@s))f thecsubstzalp pinfacansan influence
the%gfs'taﬁl(ﬁ% o‘i‘%&%%}(o@?&ﬂw.‘ [YE o EhETBR: Wth respect to

ositrons ol ds are énents t hat exhi bit
chen1ca| properties |nterned|ate bet ween or inclusive
nmetal s, and nonnetals. Metalloid el ements conpri se

To @ms? flsirgsh COTBRASHION LT FAC TERSHEM PrOSFSS MIe©T MORHIPEEIIPRIP SYRpY the one
or E{o%@faﬁmfefaﬁmdtéqﬁn&ft@?bgﬁslgg s ahy ?ecohcurg elem@Bs R fo?ﬂi Bhe desired

VIlb and VIIIb are re to as transition neta
composétiinii t iWhilg cherdras glakmhlar inteteat $n afep@intmgo silicott/p@manium-based

earth net s 0 roup |1 he tr nS|t|on
serepAEior gy Hb o ittt Sqriief essoraiedcleditsl BV tHiEdpyers can
corBptidel doMpokilShsiMith Eé'l@étéd éé'&ncfai’)nele}n%ﬁ&g SRt e18éhts include, for

pol onium The non-netal /netal’l oid el enents i'ncl ude

exqmm]q:, g@gﬂnet@lheetml&mql @leg@g@ssucbals lsantron, 20 trogemny glgem, phosphorous and
Y, flu sphor.o chl.ori
ulglé,l tg%ri C&Pn bebrgco atecP g dﬁle d’asumtéﬂg producltI coOmposition. "Phe reactant stream
generally comprises the de51red metal and, additionally or alternatively, metalloid elements
as well as any selected secondary elements to form a host material and, optionally, dopant(s)/

additive(s) in appropriate proportions to produce particular product compositions.




10

15

20

15

20

25

15 Light reactive deposition can be perfornmed with
gas/ vapor phase reactants. Many precursor
conmpositions, such as netal/nmetall oid precursor
conpositions, can be delivered into the reaction
chanber as a gas/vapor. Appropriate precursor
conpositions for gaseous deljdsvery generally include

conpositions with reasonabl e vapor pressures, i.e.,
f fi.Cl ' : f oo
Y EA RIS SroBl LBl 4 BSLAYESL 58 TP Bhionc

to yeemtd dRGed productgmabtetals Wimrr?mét:td g;?ﬂhpcsimicﬁi):{nd properties. Based on
conmposi tions can be heated (coole to i ncrease

me(wwgégactmtsr@ﬂaawpn ﬁP%dg%}Sethafpr?%t BRTBRQSHIOPS maymot have the

smﬁ@ﬁﬂgh@ﬁon@@f nEaPhBGaH6 R UenARNR R thc@f&rbaR ke R elemer?ts may

produce a sufficient vapor pressure. carrier gas ca
haveediffeldnt etfididncmagif acémpouatich puteahe posduct, a.ef, adellls twatherespect to

del.i very .aof desi red amount..of precursor vapor. . )
uniggcied mafepials , FlOey fro fhe gaouBof ipgrrboyaianel et FIemsat is ¢ fipption of
thePdn@SUAE 8P that Blefn@ft ihith@tQcHBl flover hdQhe EiRiREF Gf"i’n%_&goration can be

vapor. Alternatively or 25 additlonally, a liqui
empiriselly svaluatethbased dinrthe tteaghings herkinatohobtain plesisadogonpwsitions.  The

pl osition 26. at a.sel ected vapor pressure. .
ceR n ORIz oy zaplin, VS B, PR g aesned
fornagh gREROMSh higheeatta&n fowsl Pirtesndre ddltion&VAIprériate precursor(s)

control on the precursor delivery into the reaction
caryRRYeny depited vepantpdditivedenentekcl usi vel y gas/ vapor

phase reactants can be challenging with respect to

identification of convenient types of precursor
Witto mgspedt t tb octsngiositioag ninetall@ide ntes clefifens, thatS extébin rchepiizal properties
. have. been devel oped to i ntroduce aerosol s contaijning ,
It FISE s AU Cens R HCRISVAnof Agtate e PfTectpls e Aigtalid elements comprise
sﬂilﬁ&acg%hﬁz{iﬁ&h?v@sﬁ,saﬁemc, BhP1BSurh @Péméh’t% ﬁ%ﬂxf ﬂlh% AR, 1Ib, 1Ib,

g

nproved aerosol delivery apparatuses for OW n

IVh.c¥let Yibn Vilpand nél Byrase tefeed toed tfapsitinemeitals. 1y @lditRat terthe alkali
936, t rdner, et al .. entit] " React ant

me%%%c?f?’ rOls}p %‘6}3% zﬁ’giﬂb gaééh, meta snocf &F%u&lzfnég H}‘?éfaélfs OB)r/netals, other metals

inchefeg Ifen eRamplee surhBagt, agHlli@e) indind, INAE@AB tBANeE bismuth and
adapted for Ikggt 10 reactive deposition. In sone

PolepgYi hah nen-meial/ megallpid elementsripelyde Byrrpgena thparobie gges, carbon,

< Whi i i,ae 4 / e . o

o EORRE SR AL ATHLERL, AN, FofReMcane
solid precursor conpositions can be delivered by

. di ssol vi t.he conpositions in a sol vent.
ngg}_f fRFh 41@3_%?9?11 iﬁé\?@@%@ﬂﬁ?@%ﬂ 88Y VapBRPST toagiAats. Many gecursor
corflp RIS éhich NhsBmbialib @IS predisot QonpEERSR! A bk ifefiVered into the
Li qui d precursor compositions can be delivered as an

reagiiqnogiember ama gaviepor.| Agpiogriate pmshitsbptampdsiionsl for gaseous delivery
per s or _a liquid._soluti Aerosol reactants

di ' .
ek, E|E G PSP VT PSRRI AAROTr BERYUAGR be. Vapor pressures
suffibieMus pptdesirdl Aol yeftbhdos ?@i/%@ it theRGacht 8fdafd THR vessel

achi eve desired properties of the resulting )
holdmg Jiquishgrarolish ereshisar campasiitone cangbe kagted/(enadesh ite insragse (decrease)

the! \Ql‘f)l)y ﬂf‘es%ﬁé 53 ’théTBIIeglig&J, if gésna{!mS’olid precursors generally are heated to

produce a sufficient vapor pressure. A carrier gas can be bubbled through a liquid precursor
to facilitate delivery of a desired amount of precursor vapor. Similarly, a carrier gas can be
passed over the solid precursor to facilitate delivery of the precursor vapor. Alternatively or

additionally, a liquid precursor can be directed to a flash evaporator to supply a composition
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i sopropyl al cohol, other organic solvents and m xtures
t hereof. The solvent should have a desired |evel of
purity such that the resulting coatings have a desired
purity level. Sonme solvents, such as isopropyl
al cohol, are significant absorbers of infrared |ight
froma CO2 15 | aser such thaig no additional |ight
absor bi ng conposition may be needed within the
{ gh
at z{c’ sgeﬁe:ageg %;f%réﬁéssgr?u Ir-[il% rﬁse% ﬂa@ﬁ g{;agoisat(%lil‘ctg gorﬁrsoé g”lo floW Bf non-gaseous
prededsorg epryvides a chigls dévet df | d’(’pnﬁols oh Uhé Precaeoiedaliveyy \hth htha reaction
Wéﬁcentratlon in the range(s) greater than about 0.1
General ly, increasing the concentration of
precursor in the solution increases the throughput of
reactant through the 10 reaction chanber. As the
Howewerethe s bﬁﬁxclmiwelg@e’yapdn pheseeeactantseas bk uhzilta:n gm pwith respect to

scous such that the aeros
g BER ShAPKTIEH ubesop BECE Rt RIS Ko game pments. Thus,
tecBEGEG! hak BéenS AbvildRE 0 HiRAhdAhérBEbIE &BntaltVY \f)?ecﬁrsors such as
bal ance of factors in the selection of a suitab
me@é/lmtallmd @murémslr antooreactiime chanebess fore flowiong rlght:tdawcrs reactions.

hnﬁj%ged i&_;:g sol gv%téyldré)e di& %q_k;%gvu& regalosncsré/%]t%%glafgegéesc ebed fﬂrther in

USs. wtaﬂeﬁtals 1r93t936| & GaAMekr &, C htitRldr UREAHRS | behvery Apparatuses,"
|ncorporated hereln by reference. General ly, the

incapportodalarein by rgfegangere theseasartans dglévery, systaansa¢an besadapted for light
real e oﬁlé)n Bfrle ﬁglod% n?ssth% 0581 fétﬁ"i’lﬁédoﬁ t%&? 'ﬂggrf which can

espec y for e TS 1 Vol V|ng ura
compriselah limdrogds@s thndfor @l gasaens seacthiit(sy pl ur aI ity of

netal /netalloid elenments is delivered as an aerosol,

the precursors can be dissol ved/ di spersed within a
UsfigN&trésob QieM%i’S'/ éiipﬁﬁﬁfsﬁﬁniohﬁoﬁre@{ﬁédrvd‘iﬁﬂpdsﬁ%ﬁs tBR be delivered by

reactant flow asS a single aerosol. Alternatively, the
dlSﬁﬂ]ungﬂh’lﬁt g,or@posrt@pam asoklkntoi ﬁlt@ngmm powdered @recursor compos1t10ns
carl et Py Rt R oo ety LG Pe.ERR SiBOSiions can
be @ellvefedtas @n a@bsdl fidkiiis Akdt liuiaf a ﬂl@ft@%’ﬂ(ﬁh@dﬁ@ﬁ)&ﬁmﬁ"@ﬂ Pligtid solution.

i f conveni ent precursors are 10 not read
Aerasply Jpastaditss pansibB| Esqdn ta ebiditore segnifegeny oreé?iéﬂts dwoughput. A

ls.cC e n

sol{GRARRUSEH by Mo, SELLRR, To P@ierO atleli BUBEHL "0 B resuing
solttionadiggersion. ¢ orfuitabla o zadlents/dikpeesanat inocblde, veatql umeﬁhaﬂoy ethanol,

. of reacta inlets. can be used, for the
isoOPY A 3P Ob1otEE CORBIC SLEPY BT egieant Shs ARlgent sBould have o
desﬁr%@%uep Bf pRAYRGEL 1 hd RBLItAD odifBE haVvt 8 dedltell P idVel. Some

the reaction chanber prior to entry into the reaction
solyente such Fhisopropy ideohob repo sighificars, abserbers o iefired lightnfrem a CO,

can her ne, or nore n- o
Gl T ) LR REiio R RPSufhpes be apedsd i th reactant
stréa@Lif 6 €0 AkePls Qe AN @Sred. N the reactant streamif

the objective is to forman oxi de. The oxygen source

can be the netal/netalloid precursor itself if it

Thé Bfgeﬁris&ec%nﬂ)%?lti%s 1P EgroggideEOer?tax%r@ssgfveg i s %glﬂggr{ generally with a

concentration in the range(s) greater than about 0.1 molar. Generally, increasing the
concentration of precursor in the solution increases the throughput of reactant through the
reaction chamber. As the concentration increases, however, the solution can become more

viscous such that the aerosol may have droplets with larger sizes than desired. Thus,
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reactant can supply the oxygen. The conditions in the
reactor should be sufficiently 10 oxidizing to produce
the oxide materials. Simlarly, the reactant stream
can conprise a nitrogen source for the formation of a
nitride. Generally, secondary reactants can be used in
sone enbodinents to alter the oxidizing/reducing
conditions within the reaction chanber and/or to
sel6Q13h " d Y3 fRion WncelBhdd B&L %g%% ﬁ;h%{@nc;f 85rsainpt%gts'el%£]tion of a
thereof to the reaction products. Sultabl'e secondary
suifaBler hutioa kb scengation) gTlesusa v f axpgs restantsCor 1ight fefiive deposition is

fa i on of oxides include, for exanple, 02 .CO
descpbed PHIbEr IS, ARG SEHEA foddOR St Ao DRl faterials And
OpNQAl%%Ltﬁfes,‘mﬁY& r&8dhd&in b?g | eh@t&c.j as air. In sone

enbodi nents, the netal /ne ol d precursor
conmpositions conprise 28 oxygen such that all or a

Gefghl i Peal et Yoo R B dinaPl 8 ieolLas arosol or as any

cordbinhi@d fieftbf, r QEQIRIF O CRBoltntidRvolvy £PRIRIE of Mi3al/metalloid
Suitable carbon sources include, for "exanple, C2H4 or

elementsn ffer parabipynefmeiglinesalioid eementsiisddlinered as an aegedodighe precursors
u . vent /.di.spersant .f or, aerosol. delivery, can

car B S G A P T BB P PR SR BTl B reactan

floweaci isingle defosol. heNltewriddy, the phaalir ofBeRl/metalloid elements can be
metal /metall Qi d precursors conprise a desired _

deliverednwithip aiRiviehty aihaolationsidispessiong dhat/ &fF sypargight formed into an

i ; r-

oS QI B BRSY e ucBfORt B 6ol B8RS L) Bl urors o

notpeadilysblubkddiypessilile onsconfraod solver/dispéreamenThé plutdhiey of acrosols can
product. flow, the condjtions.in the reaction zqone can

be 6%“9%8??5’3?‘&63 ©FD BB rPRALNFY Bt rentsactian ehagbsr fgough a

corfmeR Mdkz18h @Qte‘iﬁlﬁi%@,}t‘ a pliRallgl ot G%tfﬁf i8¢ RBE BE Yase for the geparate

reactants in view of the nature of the netal/netall oi

delpicac of 209s9] aglien vapberaactdnts iintg thgyreaction chamhemsichizhat @RHactants
. t |i ke can be included.i.n.the reactant fl ow.
mg\g’%‘llﬁni o%raela%ii/o,n e Flgrgreqrﬁngf {0 ?ngrlyﬁ%to gfe 1gpqhog GRne- ger mani um

and ot her elenments can be forned through deconposition
reactions such as the deconposition of silane (S H4),
They prodiffecqupositipng in sprae (embediments; gt furdgt eerpprise one or more non-
Do o h : e .
nEERAEIAGOT AR, A OGR! DetE LBt Oy o g n
reaotantostheam iifnthenslgectiveli iattb ofiorrs canr ogide.SUThe agygn suece can be the

I . .Conveni ent. | j.ght sources operate in the
el i S WPt riss Tk HeomBas e febie Xy Bk plogs or a secondary
readfahth 040 Qui 8k _o‘)ﬁ?@éﬁ! engt hondiiBnd e WRE deacRdy %ﬂga B Qufficiently

visible, ultraviolet or infrared regions of t
oxidigang touprodudextbi roeidel materials.c diimibarly; ghel reestant streawi olretomprise a

.. SQuUI ces. l.aser.s e . ticularly useful sources 10
muggm?ﬁ?ﬁ?#@ﬁgFﬁﬁﬁ?ﬁoqagﬁgﬁgg'absorber(s) for inclusion

in the reactant streaminclude, for exanple, C2H4,

i sopropyl al cohol, NH3, SF6, SiH4 and 03. The
Gepegaliyat isngn@qggorqggtia{l@) cars gy yped in some embodiments to alter the

oxidizing/reducing conditions within the reaction chamber and/or to contribute non-
metal/metalloid elements or a portion thereof to the reaction products. Suitable secondary

reactants serving as an oxygen source for the formation of oxides include, for example, O,,

CO, N0, H,O, CO,, O; and the like and mixtures thereof. Molecular oxygen can be

supplied as air. In some embodiments, the metal/metalloid precursor compositions comprise
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the infrared absorber(s), can absorb energy fromthe
radi ati on beam and distribute the energy to the other
reactants to drive the pyrolysis. Cenerally, the
energy absorbed fromthe |ight beamincreases the
tenperature at a trenmendous rate, many tinmes the rate
that heat generally would begroduced by exothermc
reacti ons under controlled conditions. In l'i ght
C oSi t yS
ox%ﬁ%ﬂ sté]glg ?ha? G o% %c?‘ﬂbn %lf @&‘%{s‘@‘? il greodl.ll t a 1c]f9 i% o%n%u%eﬁ by the
methlfetalloit plfeélﬁrmﬁ hSutMtﬂ)@ RED e scurces Gy, If(ﬁrbxbﬂ@l‘d; DH;. Suitable
ere an energy.source initiates a reaction, but the
carpam, spyrees nslude.i 9B sxayPlechdigyr girgnes ff9thesyhyggocarbons. ~ Similarly,
hqlg? th@ré‘g &scyl@él%isﬁéfsar@?o é@d’s%l fiéﬂ\ggl fzfneMIM)e contan]ute secondary
eposition 1s not I onal pyrolysis since
realctaatsttd) the regctinmt Irdmth«remrb;y 1f arar gyorg meal/metdlloblypredesors comprise

i on but ener sorbed froma radi ati on beam
JeR S s P e SO o8 SOR s ama s CopsioF EYeR, § scparate
se&ﬁ&‘eﬁ‘& afehdtatiORRy RSt BE 0&%@&1 $6 IRiphlyC @NtdcYndary Mmélt! for product
back™ down the reactant fl OMItOMBrd the nozzle from
compesitigmser secti on of the radiation beamwith the 5
reactant stream |f necessary, the flow can be
nodi fied such that the reacti on zone renmai ns

Toofih bl €mehinahé€ rEAUGLAGW) thesidRions IMBE @edcBod 861R! @h Ib¥ adjusted
no wel | -defined reaction zone with a boundary.

he
- to be geRrpRiately medycing| aTlg% cambe eqeemplished dhrosgh theebadince pé secondary

reaEﬁﬂﬁtlﬁ“@fe%v bisth% 91% met&lﬁgg&ﬂ?)%l% e@lg‘ls& t %uﬁ{befe reducing agents,

gener al pr esen e co reacC
sucrh()amtI-IIzaS]Qm arldethe dike bérl bghicluded “ethe reretint Gow. eddtionally, elemental

extrenely high heating rates. The product
for%n%foglf 169mh ESTIRRINR A0y OthRip e cﬁﬁé’er foamed ityRugb egomposition

reacforfsREcH £ak¢ EQBAp 6036n 8NSlab @iy <h GRHYJ or'tRiigd | on
absorbers in the | ow. By contro e conposi tion
of the reactant flom1and t he Ilght |nten3|ty in the
act zaon 0 be . .
Ligh BIB9S bt R & Biiop FER visiy of amtipeb frgpencies,
usihf @itlice adkde® Br SMBLInEALe 1Eia66R k&Rtd, 8acHOMaM dc wmiﬁ C@f%ﬁwnt light
for example, in the range(s fr om about 2000) t

soyggRsuePesBio O, the Anfrareth portien cafi the despemiagnesie, spepfaum, although other

wa(faer%ﬂlésg%nztﬁzr{ged %u@‘f ME k/ls}{)léatultl; lég\ég %A@agecf {?gltolﬂg olr hectrum

bea e reactant stream a reac
Exziaree lavery cex benskd o aitravicderpbarcesa €@wasdrs hﬂel’mh&m&rlb&méfﬁﬂsources

of il Jeit. ook ADIHRRYS) S BIchg Pebeaaibe Fewn ingude, for
exdrBslb Q& HE, NSorRORH BicoRd], NAAKFAKiH R O 0BG iaRbLHbSRL(s), such as

contacting the reactant chanber conponents. [nert
thegn&ared ebsorter(sh cireabsntbrandrgydibni titegadifteon beemdndrdushsbm@ﬁnmenergy

S carrier S d/ or, as a reacti on noderator.
to@%ﬁﬁﬁb?*%@% ‘%@P@%@ @YSi¥eneral I'y include, for
exanple, Ar, He and N2. The product production rate

based on react ant delivery confiqurations described
Gepgrply, ntheaenergy absorbed from “the light beam increases the temperature at a

tremendous rate, many times the rate that heat generally would be produced by exothermic
reactions under controlled conditions. In light reactive deposition, similar to the laser
pyrolysis process, the reaction process is qualitatively different from the process in a
combustion reactor where an energy source initiates a reaction, but the reaction is driven by

energy given off by an exothermic reaction.
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yi el'd product production rates in the range(s) from
about 5 grans per hour of reaction product to about
10 kil ograms per hour of desired reaction product.
Specifically, using 10 apparatuses described herein,
coating can be acconplished at product production
rates in the range(s) of updgo at |east about 10 g/h,
in other enbodinents in the range(s) of at |east

/ f n )3
8 0 bt RS RBRASLITA A AL ABIEBlriven
enérgy gllven ofbg efesipaction dlt b}ea&tgyaibwbecﬂ.frkﬂn|a&@dlatﬁﬂrﬂ%ﬁmhw particular,
(kg and, in general up in_ the range
Spqnéaalg?mds%ﬁslpnfé%}@g petants %f‘é\e%‘bi dogs %?tdlr?F&P(a/ s1§w;ﬁrcqmthynlftqﬁ all, back
do®h the¥eddiankt BERIN£8 ﬂ?’@noz&fé&ﬁtorrpﬁ'll %{&‘séc%n ﬁh%%adlatlon beam with the
I ntermedi ate between these explicit pro uction rat
reagiast stecamt dfipéassady, drdflav eamb¢ hiodiftell sugdr thaetht reaction zone remains
i scl Qsure. enplar rates of oduct od ction (in
corfiiéis 5 A G SR e R SROURIS Mt ERH fqpeton Sone with
boturiA8L (Fhe 10ActidA zohER JarkO AR the l?&‘x’den@e tirh€ of B3 reakPfhts ¢ Rhg. Lower
500,” 1000, 2500, 5000, or 10000. In general, these
ﬂlmnglrgrfgdi@m=um: igenerallyt presentin tlhfecoadhlsmm@amn | e obtaining
high coating wuniformty and relatively high reaction
yi el ds, as evaluated by the portion of netal/netalloid
In Borfttagd eie lnderAifigt drivew rédeabnstiave ieREGHEQ hadhEkbatifg @atéd€The product
product conmposition, a portion of which are
compRstans earcElly dppend prethesrdiaioncRaven ip the feagtionsrzane apdhthe quantity
C e
of [2Rbh AheclbeA it o, B Bufifuld v} BoiphUehe Haplht flow and
thei lrghoimmsuye b i roattios zome, thdweadtngrdduct odn bd rebﬂ)al&t'lbly controlled.

t.50 percent, in further enmbodi nents_in the
T QS) tewperaiurg dndie reaghi 2085 3B RGerntrolle Y9t wide range, for

exARNEdh IR Huszeld) floRatloBNERKS) to‘%o@c@ Ob@’@,s Un ﬁgﬁ’H—Eac%Qe deposition, the
percent and in 10 additional enbodinments i'n th
reap@mg@(ns)ls prfimartilyl ag &t ovatlepiof BS ll;gbtbnam arfilathe deaouantt steeam, although
reacta ener a a.neta t al,l oi d nuc
the 98in" s P SRt AP 7 6 Gl bRty B ight beam,
deﬁdﬁﬂmgrohtIYUﬂrEcﬁeﬁdh@ﬂi@teZSfﬂmB?éact@&ﬁ' tional val ues of
product production rates and yields wthin these
specific values are contenplated and are Mﬁthln t he
[
Anﬁéugg t?lﬂ%:/l(eigfg e%%gﬁrrﬁg usd tm&ﬁ{j}e % @.91? o% OW o d HQH(?:}JC'[ fnolecules
comtaning ghé reantantScMnfoettﬁ:dpmmar d[nela gasdesdan alse Beoinf®duced into the
coated. The resultin oating can be(%orned as a

reacignt SUFGMLAT B SAITICH &aS apgie} A% A ée%ﬁh%am FAld ABRIGPHtRnert gases

geﬁe?a]@ RAL&S t8Lx2hpCAH IR anliN,addi tion, the coatings can
modi fi ed t hrough subsequently processi ng, such as

heat treatnments or etching. The coating 10 paraneters

o PR B B b BB SR et i can
yleﬁpﬁltokiﬁkﬁ pt&dhﬁﬁoﬁ heted i0be fRAGE) HEMOIRRRSE 'St%rﬁﬁh eP%%ﬁlS of reaction
reactive powder coating deposition and the

prqdilkteto rlt 1@ kddggrame nge ot eldesired aeastion poeduct. Specifically, using

apparatuses described herein, coating can be accomplished at product production rates in
the range(s) of up to at least about 10 g/h, in other embodiments in the range(s) of at least
about 100 g/h, in further embodiments in the range(s) of at least about 250 g/h, in additional
embodiments in the range(s) of at least about 1 kilogram per hour (kg/h) and in general up in

the range(s) up to at least about 10 kg/h. A person of ordinary skill in the art will recognize
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10 snow, which is a very porous structure with a

relatively low density. The particles result froma

nucl eati on and quenching process within the flow. The

powder coating may be desirable with respect to the

further processing of the powder coating with respect

to changing the conpositiom@r consolidating the

material into a desired form Furthernore, the

0 ] 0 .coat | ' ful f .he

tha CPIRLLE Cnd IRRRKIGRTEARCT el I, profuchff pmtes are
coamphicdenhd, art heithior tivd ippesentt discloswder Bxaiplag mBas BE product

the.re?ult.of usi ng desired _ processing conditions
Profuetieh(ip ygits of gramsrprefuged et hovy) Apelnde igrihe rangsts) of not less than
abGF3C1 0,150, 1661980 002040, 950813808 W:A0bEE, NI ¥ P ovi ded

the ability to directly orm denser coatings directly

froma reactive flow. Furthernore, |ight reactive

deposi tjon . .5 has.the advant age ovyer othe r oache )
I R (R i ALy TS B Bt vdle Giane Rgh coating
uniféthifyl e ¥l ati Rl YRigh 24800 §ie S "R I v hiSted B{r‘ tHISREE of thdt@thetalloid

reactive deposition can deliver product to the
nuglgian theyflew thes ese inpqgporated dnto she progunt coropdséitiong e peitiop of which are
- Wt . I f1Cl the qual it f _the coat.i . with, .
nepds gag%{ m?%%en{i%ngér %9%%? &an %‘”’Psrﬁgr § Lgction ETOSH{{%P%@CW \Pg in the
range@psf dtileist st 80 bercerd Baiedioanae limetin@eages, iMotHer embodiments in

respect to_deposition of denser coatings of

theange(31 9fjah deapteabens ) gercenti i farber saphodimengninghe range(s) of at least
ekl - - 0 n :

obET6s e, i e BbodifBdn BcHaheckh craf LooFrUBREPLS ptBent and in

additartal embodinteatsaintthe regh@) ve etnleag abbutcdSepercsnt bhsed on the limiting
surface general| Ee not. energeti c enough to order .

reacignt, generq aaactalsheialiqid naglei it fsiTrackat JARoASPerF et ordinary skill in

theOMEHA kecdERiLE tHAK & i ithi
o e i 8405 38l P BRASCAMCA0H AATRR! vigds within

theprospgeifip salued arp contemplated land ersuithen thEipeeserd algsclosure.
paraneters in the flow determ ne whether or not the
particles are anorphous or crystalline. The '

Ma@in Deboatioron process to densify a powder coating
formed by |ight reactive deposition nmay or may not be

In ght geactividepesiipn.érhighly upider Haw g€ produe comgostion iselirected toward

a SIBitEHd & be ch%tle&.g iy ﬁe@&lhh%/ %ﬂ&ﬁ{%og‘dnt b @Ormtgﬁ s’ £ %H%tfn'gng:ross the
coating can be anorphous {short range order only),

substrity ar ypatterinkd mecofding ho a wizowd rsrjictare. Chny sddatidn, niee cABfibgs can be

r ect to the coating process for formng a dense )
o gV SO D PRR BB NG A e D (TEQURFpG Gishig, The coating
parkf@iets @A Se AN bbtd B8 deskild E@dmg &?&ﬂéﬁﬁspf the

substrate, tenperature of the flow relative

orientation of the substrate wth respect to the

liaght .reactiop zone and other reaction paraneter.s can
It R e 1 A et §ORpE voing e Hghl b dppifon process. In
ligharregsivt ippsvded cddifig [depabitidnehdCBiatiikB Iparfidléed BRI d¥B6Sted taB @ soot or
substrate structure can inf|uence the coating _
snogy, whaghyfsea very RoeqHsrsiuctuyg wih |2 rglatively dew idgesityd ePsspartieles result

froxg‘loﬁ nhOEatBEPAR §deRBhif pmléssgfrpléiipt the Cﬂ%@}' He p%\t;\/%elp Qos’a‘iing may be

eposit1 on processi ng-can
desirable with respect to the further processing of the powder coating with respect to

changing the composition or consolidating the material into a desired form. Furthermore, the

formation of a powder coating may be useful for the formation of a release layer or the like.
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15 the:form of the coating with respect to its
crystallinity and other propert ies. In the |ight
reacti ve deposition process, to forma denser coating
the substrate can be placed 10 closer to the Iight
reaction zone, the light intensity can be increased,
and/or the flow velocity 32 3ican be increased. For the
production of silicon fromsilane, increasing the
u f S in. r fl I 0.C .
in SR Bt s, P rom T L ERRE Db A JAHE RS of s sired
proféssing chhditiensbsithiatie reafiolehdnstei.ed t o signifi cant
tenperatures while renmaining |lower than the flow
tenperature of the deposited material. Qther coating
I B Bt ety firoSibn haSeprahdt Britiad e AR Rekircty
formedqneart cobtingsaditecthy fropna acaetier Sowf diurthayngrer light udaative deposition

react or. apparatus, the reactiqgn paraneters can he .
nas 5 iiRina P Bk el et dhit g TonaReH B Gopteg pyer & elatively
lar e ABBe ©P @ehdiGesd ERO Brekdp Night TeABNE RpositidnItdn d&REL Pl\bﬁuct to the
deposition involves a flow ng reactant streamtha _
codting et vy heghvipteh at a pastieudati densityrwithoaihsastifiging dlaecquabty ofdhecoating
where reaction products. are subsequently deposited 5
“mﬁﬁ?gggt%ﬂ%%??@nggpﬁmF-ﬁﬁt reactive deposition, the
coating of the substrate can be perforned within the
.reaction chanber. A substrate intercepts flow fromthe
Lighg ecastiveriiepesiiéion eanodler pdditienabadyantagestwith fssregtietdeposition of denser
SNt LS r o defi I
e s A B W b oaiBpd o il 5 VA AR byder of he
compssitionsis ifikediini the rparticteoidr ng irpéragidntinele cobfifg.u hitéractions between
roduct. conposition formulation results in uniform

Parfielsh o {hoRIrAg SFSH b ie Pl ECERSHE SPYEHO ardr Wppagticles relative to

thelrSRESIBBES » ThOBvSIE s@hictirel RS MoEYERAL BN 10AL Tangk @A 2BYen with
delivery can inprove the uniformty of “chem ca

crygtelling pariclentsiodhat faypol teeystallinsrmoatersal resnbs. ulihd waetionypagineters in the

no R By SO0 BE AR e st

procesduéd densiffer sovaden coding ffomedyslightt&iciive dopdsidbiBAg 0P Afay not be
to forma layer, an elongated reactant inlet provides
effective it thedena rapge GenngMithomateddat i ng | ayer with one
or few passes through the product stream such that a
| ar ge nunber of stripes nmay not have to be stitched
In liglg e¢detive ddposiada[th¢ regulting soatiagchmbé atletphvey (gh@ppapgadidsr only),

design for a coating process, the size of an .
Polé(fraﬁgléw%dwtg@cg%%m Wetvealinge With geinedt i9atiscrogiing peocess for
forttifea AbndeN@aftiD Hep&ifon! Rt Pr&RBt §kam! PeloGRMhert gas concentration,

enbodi ments, the reactant inlet can be thé sane size
temperatoawiiibe sitstrates teniparaturb of 1 downetlaivecrieptation of the substrate

.di nmensj on ,across the substrate, such.as a width, such ..
wih FEREE 98 E 128 reetfrl PR R iR TRBR Py R adjusted
empiic@UOR Sdhet Iﬂ[eoéi?)ﬁhl_liﬁity Spertied of @ReFedllting cHRME! Furthermore, the

apparatus with flow ng reactants having the el ongated

subseate t ENeturicen iefuenpe e spajingdstiugture.  In general, with light reactive

deposition for the deposition of any density coating, the post deposition processing can alter

the form of the coating with respect to its crystallinity and other properties.

In the light reactive deposition process, to form a denser coating the substrate can be placed

closer to the light reaction zone, the light intensity can be increased, and/or the flow velocity
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reduce:contam nati on of the chanmber walls, to increase
the production capacity and to make efficient use of
resources. Furthernore, an appropriate flow of
shi el ding gas can confine the 33 reactants and
products within a flow streamthrough the reaction
chanber. The high throughpufp of reactants makes
efficient use of the radiation (e.g., light) energy.
The: er f r n
can 0PIt Ty afrr AR5 B URRSY i 3EARTEI AU Bl mgpghof silane

in &i& reaﬂtmqm“emcreakatthé tﬂafrﬁrtﬁmpersﬂum?tw}@cfh tdrolyad lis @L@hser coating.
cto Wth I| active dep05|t|on the rate
3}5 & 430 b heplsd Q:I%%%‘EFW sRsFatyRe WhHe ipeainng lower than the
floFORR éﬂaﬁx‘r@ﬂf Bt %a%ha‘i"u*é%é}%hﬁ‘ﬁagr garaﬂaeﬁmhf Ys§tfect the
a nu er of fact g., the I ng mater S
natiesi ﬁgmﬂtcphtlllgepfpcetshe Adesg witl thesaqirédietivertoatide twitht tleq)ect to coating

react i n condi s, the depositjon efficienc
PRIEREE B8, SAnAEGHE, AT POASPHGY B Jeock e PERMESTs Fiebe adjusted
badedl Of Wteacﬁﬂié@ﬁ@r’eﬁﬂt@ﬂeﬁ@rﬂ?&e%@&ahﬁg Qg{&@fabhed on the
substrate her factors affecting deposition
eff|C|ency |nclude for exanple t he product

si: tion flow,  _substrate, . :
i GRSt P BB i s o Sacishl BFeephl imersecs wih
theSﬂabﬁtldSrﬁb&nli at atréacdoh Qoid@hére Gvaction Hrodieiedradkebseqiedlly Aeposited
relative substrate notion, coating efficiencies in the

ontp g sbstEafe. oln hght reactivesdprsifion Bheicoaling 06 thehwhstrazg can be performed
hi

w1tgtg{ @g ﬁtgacglgﬂ F%n@egr ojg\églgsga%rlggrc%?g%o&% o%ré)h} th% %5'&10% zone, directly

capthapesthe pebdodt compostidisdntaitesisfacé.ace. Routi ne
optim zation can increase this deposition efficiency
further. At slower relative notion of the substrate

A War-gssediher ﬁﬁ&ﬂ)ﬂ%n§ E4reR801t ﬂ%ﬁ%hﬁ BRﬂu@tffidv@ tl"ﬁpﬁ:'sﬁ?s ih Riniform
the range(s) of | east 10 about 40 percent and iIn

coatiagi lorpmraes enbed un@ms praduch eomawgtez(rs Yorofulaion hregtdtsam uniform

deqors]m%er C(? Qgilugbgodgaﬂs&?onp &g)a YAROT 6??C%ﬁFe@l gﬁ%gfr aatlleish evaporator for

d@ﬂo@dlﬁ/b@rbaﬁfnﬁlpfﬁvemﬁ‘d esiforfiap @F ichdrRidall E&i0&ryC dRidASurther improves
obtained in the range(s) of at |east about 5 g/hr, in

thegHarmigneiohe rodee flow andecorrgsngadiag ceating: Hugthermoss gy eommgst with
oth@f Hl'étho?@thgtﬁreé@ﬁé{ thi 8%%9&#5%%% t3tel 1H§wé %ﬂ'ﬁ&{sﬁ)ﬂa ?cg fo?xtn a layer, an

east froma
elosgatéd reh&anttihlet pewhiesl Ifclirethé depibsttitbﬁ df aintgﬁfoﬂ)q dottirg Babéru\t/lth one or
250 g/ hr to about 2.5 k A person_ of _ordinar
fevsémqu% through, the prqdugt qtreaxpgegggthp zaelgltgﬁ Zpmberofi |sﬁ'§)es may¥1ot have to be
stithlditaipei €s and deposition rates between these
explicit rates are contenplated and are within the
present disclosure. Exenplary rates of product

d iti.on .ts of depaqsi t ed hour)
in (R Gch tedertie Pt Cop e Revet B0t raiespaasoihe size of an
eloflgded reactbnt idlet catdhe Rfbctel HasedHP theIPR, of kO Qubseae o b@ fcoated. In
20 5000. Alternatively or additionally, the rate of

som¢, emhpiEieats: thefreagiant Sl eammbe thengtmengizg poeroewhat larger than the

diameter or other dimension across the substrate, such as a width, such that the entire
substrate can be coated in one pass through the product stream. In general, a reactor
apparatus with flowing reactants having the elongated reactant inlet can be designed to
reduce contamination of the chamber walls, to increase the production capacity and to make

efficient use of resources. Furthermore, an appropriate flow of shielding gas can confine the
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flow relative to each other can vary substantially,

dependi ng on the desired specifications 34 for the

coated substrate. In particular, for apparatus designs

based on an actuator arm noving a substrate through

the product streamw thin a reaction chanber, as

descri bed herein, the rate §pr noving a substrate can

vary in the range(s) of at |east about 0.001

I et r (0] [ at .

reefE8 TR} BloputyS Gl B5% o Ritam, el e IR "Bk The high
threndhpdi sfeeicsantS ﬂh@lﬁﬁs&lﬁﬁmént Lseof the fadsation I(Eig { Bgtap@iétgy2Crhe delivery

centlneters per second, or even nore. per son _of
0 SWPH‘%W%WFWF rnd/ge agrpsol ipactanisecag dusi azieptpﬁ 4er delivery through an
eloﬁ gé& in&@ﬁl fo §§et o‘f"ﬂBQ'tﬁ}oE%?ﬁi@ r&)éf&' cit r anges are

cont enpl at ed and are enconpassed W thin the present
di scl osure. Further, in another enbodinent, the rate

a e neasured on a scale ela e substr
W RIS ES of Shh s bk N RUTRLARE produc
coMpOsatici R bat %eﬁeiubstmlmyn WeBerldth2 BR W n&mﬁé‘lbéf £kSts (e.g., the
per second. Due to the gh rates and. coatl ng
Stattmgf mautmaly beingghtth@atbc dmredepwpnupmﬂucs theetdactsan ¢anditions, the
coatin

de%chbtlo&] ?@&encx ' dptihs Clgcseg ?leiﬁggui) glgxzs f}{g? gfm?\lqé all of the product

cofBbfiorakénerfibd aNdeidisité® oR RS WRtrkdl COMBNBlctdrd affecting deposition
association with a single substrate. A width of coate

effigigpey r eideaforh examplre &t PEISHIGL compesitien.nisrwesityrenyf the flow,
suﬂs&afe%&ﬁ&%tuﬁ%&é&%s g:o lé%@?ﬁ ag&g%{lllsg%te r'aatlve CP the flow.

ot her enbodinent from about 200 cmto 2000 cn1 In
SO enbodi s, the area can be at _|east about 900
Atsra{firgraée EReR © aél.vg spbstafe mpHorytqeating pifisinAIEh i thetrange(s) of not

lesk 88 lab8iYt to bR G Feent Canl B dcHiel/ 8L e n%ﬁbgg SR Ube ]ptaﬁ(H)ercent of

| east about 2,000 cne, and in other e I ments
theaponduced psadict coatpwsitioB 0js00€pasited oh fer sabstrafe surflicear Routine
n the art w ogni ze that. additional. . .
onfiiiieh B HEuhe iy denghR8 Y ek Biher S FPE TPty otion of
th@dﬁ@b‘tﬁt@ﬂﬁo@g}ﬂﬂl@ Tﬁ?écﬁfcﬁﬁireaﬂﬂ depdshiont dfitBndiBLINRHE BRRE(s) of at least
di scl osure. A coating fornmed by light reactive

abeys ﬁQsﬁetqeéfrﬁI@éﬁ édditiopal sarbodimentsindhe sarmgy(smpf #5i Mglaas 80 percent or
f
e kb s ROPRLS PO0En R IR SRLLRIIE el R res an

deptenma afﬁabmmgs, depasitiontrated cawbé ob@inet il tie: Idﬁgw,)t@f at Ih’att about 5
is.at ] east a out 65% in further epbodi nents at

/e 4t othggo Gmbogisments, ity fhif 1 1BEAP) OhiASdIGHENAROUL 23 eaflay in further
em@@@ik’ﬂen&g’ir@the %1%6{55] opﬁhﬁﬁst%ﬁ"%&ﬁrﬁ% Phr 183kt ?lﬂg}#' fgd in still

95% of the full density of the coating materia
othgr femllbbc}'lrrwehm fheeanS)kfrémrabouNSng/hlr o sbom Eeirﬂigﬂhir meXperson of

.he d t t | lied
T e T
betiween thés@o%ph@ﬂnﬁtdsyarea& @’é’i&g&bﬁ efhd Qi’aewﬂﬁlﬂsﬁﬁecﬁ%énﬁQilsclosure

may or may not be porous neral ly, the presence of a
Exemplary rates of product deposition (in units of grams deposited per hour) include in

the range(s) of not less than about 0.1, 0.5, 1, 5, 10, 25, 50, 100, 250, 500, 1000, 2500, or
5000.

Alternatively or additionally, the rate of the movement of the substrate and the product

flow relative to each other can vary substantially, depending on the desired specifications
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porous character is correlated with the density of the
coating. The coating porosity can be 35 evaluated
with a gas through determining if any gas is absorbed
into the materials. The BET surface area neasurenent
process for particul ates can be adapted for this
purpose. Alternatively, anojgher approach for the
nmeasur enent of porosity of solid surfaces is
j e ' . nt. 727 1t
for 85 RopBg e, SR BREal ofjaiarhh QBhigds B e Botuator arm
movitgod pabssahedthirighi the pyoduef etienc &ithiil réqupibn whamber, as described
enbodi ment s usi ng aﬂggeet of product flow, a_ se]ected
herey, dhorate Eprampviag aseisirats:@n neEy dhthserree(p) 9f aslegst about 0.001
. ) o .
corfiiins S EbersaforRE WP B cBORTIch{s M 1SB MR 05 per second, in
furthey embodintehts, futmsdboat & cat partsecahelstorabdutr 2(t ecnitifricters per second, or
obt ai ning desired coati uniformty. |In enbodi ts
evimIMGES. oA PHEO ASTYIaHTS S St 2 (Tl SEEsHERARaInBY pifliignal ranges
withid 888 ekPRiSHRSEY AlecCcdRdnplBtedMAhrt @h8sthYRséP wathid ¥RUpresent
_nozzle, and/or "the nozzle can be noved relative to a _
distlogwrd. dwiber; ant enotiitrexebodimentniherrateasn by mhéagimed ropacsdaleerelative
eposi.tion .are dramatically faster t rat.es t _are
to RERREIAReiRE SofFh aPh 6 vet L Bet el ok iR D03 spPlires per
mitite tOsBBut ¥ satiitrateljee keoa8. As a particul ar exanple for
reference, at a product production rate of about 10
kg/ hr, an eight-inch circular wafer can be coated wth
' : /1 Cron f [ ' .

Duf 0 e e Rlosng 20y il Betl reftBE BofRRop IO Well suited to the
coainiyi of bangey sabistratesy Rbesthe entbodan@rnthe posessi & Be used to form
owler density of about 60% of the bulk densi%%. A .
maEIAsoIRT 67 eBIEH RIQF) OSRicRanfliniastocEtion i & singlA Hbatratpt B width
of o418 SubhRatdQANBk dt GeRE kYt BLESn@AY RN inl fPther embodiments at

foll owi ng variabl es based on one or noré of the other
leastaphhaaty| Hs cf, dm addétiaab gmboflimentoat ileagt rbow, 1@¢hem, and in other

eposi | ikon nat he desi{.ed thickness.and h
ernfERERY] 3R ABLF pad BRI C e fo SRS EoRlfesnli s area can be a
JeabtedoAPOFsquatdeedtiirerers &ing).Cialvtie cafboait GHEAUSAY ab&@d 500 cm?,
to forma plurality of coatings with or wthout

in fyther ephadimentsaatiesst dberat 2.0%h cmo a0 g othergmbodiragnts from about
C 2l 1 r rd bipe | ayer. .
2B ta O 33000 2y (R pAVEL oty P h Qe ' Pl locogice th
additiyen] sangdb efi watithe ghd greao npidsn thoedplisltgandds aboie yre contemplated
getme n layers, it my be desirable to wait a few
andare SHEN therPressat rde¥s streamto stabilize prior to
initializing coating. The design of a representative
el ongated reacti on chanber 100 for generating a sheet
A gfating faehedtbyflightvréastighdeposisioheen¢ralinbanyhave aFdegsityl within a fairly

This ch r is.shown .wthou [ Spl ayi ny .coating
brodd o P S Pb oA Ie 0 SEp G Trs BRI ST As used
hereR2 Gt d¥nsé @Gfﬁﬁl?%fe?s and Gaind&ithla asRRY eBatfi9rat ¢Q8E hBEIt 65%, in
as described further below wth respect to rel ated
furthen embgdiarenisdatrieast gbout 75%, in additional embodiments at least about 85%,
and in other embodiments at least about 95% of the full density of the coating material in
a fully densified bulk form. Also, in some embodiments the dense coating directly
applied with light reactive dense deposition has approximately a full, i.e., 100%, density
as deposited. The dense coating may or may not be porous. Generally, the presence of a

porous character is correlated with the density of the coating. The coating porosity can be
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36 A reactant inlet 102 | eads to main chanber 104.
Reactant inlet 102 confornms generally to the shape of
mai n chanmber 104. Main chanber 104 conprises an outl et
106 along the reactant/product streamfor renoval of
undeposi ted product materials, any unreacted gases
and inert gases. Shielding gas inlets 108 are | ocated
on both sides of reactant inlet 102. 5 Shielding gas

' . ar.e [ lanket of Jdnert. .aases on .
B AR g PR RPN DS e I e BRRER i, e
BETesunfaed atdaemedsarepent pedckss R Pattizelated aah dRtlapted for this purpose.

products. The di nensigns_of el ongated reaction_ chanber .
Alternatiyely, paofBerapRPTP#hefor 1tho measursmcat o qrosesity of splidyispsfaces is
fihbEl y ﬂ&@g ct;..C 0SH L L.aN fg%%?i n. sqpabl e _ ..
de e%%(f’hg&fc o? r a%:J’t alﬂt q|ﬁ.§l elt)étkrg 158% ’ ent%us% iEg?vi ;% E gf " entitled

"M@iigorloperarcamicteln," anqoopwerated hetehebysefegerade. ki | owatt range,
are fromroughly about 5 nmto about 1 neter. The
reaction zone is |located within the reaction chanber
Fot Bpprbp€at¥ iehibdlinier® ubilg ol el SCHLIAR Blw ! NQelbBE rABLf relati
fI%ﬁ}gf%hfzhe Ii%htuﬁegﬁlpath. @bTubulay’segt?Ons 1fbfealve
substrateenpiéord gémapatiyt Isea dwriction ledthe sela@ad dFndsitionr rageand tresdesired

10,..112 hol i RdO 114, 116, .respectively, ,to )
cogibg thickfess; G fimfled R et Yoo, GRORAS FEMS fffred rate while
obtaladgb aésirkd Goatlhi uhﬁbmﬁ?ﬁ.t wembddithenislid #BI-hGRERIBSAte is swept

inert gas inlets 120, 122 for the introduction of

thrpyghy the greduch teeamy e sbstate i s movgd relative Remfikechnozzle, and/or
[ ' I t eact ant . )

the At cHBe ity SERTHRl f o FAUASH Rt A38sd ERBRERes by ight reactive

depb3ftionfara drandaticaliy fadet thearmiteaipaasd achiablerbys@snpting methods at
source 132 of_ a prg&yrsor conmpound, which can be a

the; Y epating untorpity gad thgneps. o5 ¢ RATtiewrn ekample faeterence, at a
AN ! 0 )

peAlopuRagh g AL 30 S, LY SIHORE Bl BRI coed it

a thigkmese of abouttomiierond of dense dedtingsinyapptoximetelyeand serbnd even at a

oo AR U5 A5 B ey Byt svou s
of GiBlilkSddnkRP| €A GRRdoAl HRbrdinkife skAT I e 8@ ScanfdafiMate with simple
carrier gas source 134 can be, for exanple, an
geqmgtrig PEACIRlSS @Ry epe obtheifpidgwing yarighles based an e8¢ phmpredf the other
I [ erodi urce 132 i
varkfbIE A58 b e T e TE e, G SRR, AR &g i fhess and
thepileasiusfecoafingoe thersabtravd. t hout necessarily using a
carrier gas. A flash evaporator can deliver a
sel ected partial pressure of a precursor vapor into
Fuffi#mbR2&d QBid GOaReH ra@dn %%warg&gse U 1R i
“the reactio 1c anber ggn be heat ed, i?ﬁfapprébrggngﬁﬁmuyOf
coatingy with oe wathow| additiondl ercetoredsrisaivden rcoatings h Eactagmating carocover an

to.entry int.o the,reaction .chanber. Thus, pluyralit
entsF PR LR EE Ve e Eeien b eheppaiy b adrgey beoveen
layérsPlWhe thatgRls codthoki@iBRY sip@AcAmANt etk &nOalde if @8RG HeOksirable to

chanber. 37 o ) ) )
wait a few seconds for the product stream to stabilize prior to initializing coating.

The design of a representative elongated reaction chamber 100 for generating a sheet of
product flow is shown schematically in Fig. 1. This chamber is shown without displaying
any coating components for simplicity with respect to other reactor components and can be

adapted for coating as described further below with respect to related coating embodiments.
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The gases/vapors from precursor source 132 can be
m xed with gases frominfrared absorber source 136,
i nert gas source 138 and/or gaseous reactant source
140 by conbining the gases/ vapors in a single
portion of tubing 142. The gases/vapors are conbined a
sufficient distance fromthg reaction chanber such
that the gases/vapors becone well mxed prior to their
r. j . h '
A SaSHTANE R I8 6 RAE N BT B S PR gy o
thecdhape of mibkd6 chatdibeg 104 S Mﬁmf tHaintbet Qmmampaﬁdsm watleh 186 along the
reactant inlet such as 102 in Fig. 1. An additiona
reagtanfmradict sirespy far dpmeval of émg‘ERS’ﬁlt‘?deEfoﬁ‘éCt anajerialy PR dnFeagipd gases
ea I
o R s e Py At e AR, P Bl idhe It ke 102
Shialdper gasuigletsaare luséd tosformvaplankdt @f inat gass oy lthesides of the reactant
ot her. suitabl e contajneyr or conta As shown in
s fo b ARG bF St e G 48 Bersag RS ARRoduct
additional reactant to duct 144 by way of tube 142.
Al ternatively, second reactant source can deliver the
The disaandions at tlangatq':dwte@ctiaongél@mbdr tfcandsigadtanttinlgt 1@ eant hwodesigned
reactapts are i vered.separately into reaction .
for e, e Erelie SERESRT BBy bithob It oy Phrant e
102, &aeh uSedl @ COT M4er witlos pber ih eHesBldraNkidivat @apeSate from roughly
material s and/or 10 doped materials, a significant

abayy fBm tefabpwalcmster. SheiFeagiomerne it fsicted a\rlth;n theaprptign ghamber in

r t ecuyr sor

nel RGN e BESGABE O A (RO IALLBBPRIE S0,
and/ or ducts are contenpl ated, al though |n pr|n0|ple

even | arger nunbers could be  used. Mss
Tullft yeshqmr 03 bb? @xiend, Bomelbe main F@g@heaﬂ@% F{@b\al%wcapns 110, 112

ho]@%%é\)ls'ipﬁf 9 19 felfieltitdle todRARE A1 gmdﬁéainvggtu 1?%%&8{@9{he reaction
Fi g. Addi tional reactants/precursors can :
chthwd@@d Elhmialr aettions 130f bl2 tdrecoyprisecsers ga$ idetnli26x 122 for the

) ria ed above, he .reactant stream can
Hm%@W%FP gugﬂéﬁﬁpu%ﬁigﬂﬁg?g?gﬂgb’ e aerosols can be
formed within the reaction chanber or outside of the

reaction chanber g{lor to injection into the reaction
Reqqtaivdlet 102fis gprerallyr epspectedaioan peagianicistivy ispyternoReferring to Fig. 2,

an Exﬂbg&bieg{]léd]%@e} {1e'38a£teaaeﬁ(zérg (ppar E‘P&%gnée@% e Sl%bfég%ap?ecursor

oduce F ou rea ara

cothpmmd, whietl daarbe eghqmd) uslidergiaantFer llqulldfbra&hd g@edetadl] an optional
i.nlet 102 in Fig. 1. For the formation of conplex 10
CarFigh 545 QM OBERYi YIS FaTich GisseBICcey be?aatb&lgtr%dfve?(bmto precursor source

13Y AP UAIAEE RAVETEST B8RFRBINEO 'ﬁ?éé&%‘gr 5Bure&RBh Yean tHaea 11qu1d holding
desired conposition wthin the reactant stream

corgarherd i selnd prfurson @werazmppahetusm rophen suizdble ecmnimcgu rﬁnt daorier gas
shown

& del i ver an aero?§£ i s ﬁbg "

ofF 4RSI T 6T Bhn BB aiplen A3 PEHEY (AP Badpapert £as o
mix@tirek terdoBWBT al@fhatiSe! Eﬁl@@cﬁméﬁg préduk Rt stiRéz] B id @Pash evaporator that

conprises a plate 164 that bolts into | ower surface

cam@Pivera selected vapor pressure of precursor without necessarily using a carrier gas. A
flash evaporator can deliver a selected partial pressure of a precursor vapor into the reaction
chamber, and other components leading to the reaction chamber can be heated, if
appropriate, to reduce or eliminate condensation of the vapor prior to entry into the reaction
chamber. Thus, a plurality of flash evaporators can be used to deliver precisely a plurality of

vapor reactants into the reaction chamber.
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secure inlet nozzle 160 to the reaction chanber. Inlet
nozzl e 160 conprises an inner nozzle 166 and an outer
nozzl e 168. I nner nozzle 166 can have, for exanple, a
twin orifice internal mx atom zer 170 at the top of
the nozzle. Suitable gas atom zers are avail able from
5 Spraying Systenms, Weaton,37 L. The twin orifice
internal m x atom zer 170 has a fan shape to produce

T Gy SR 58 RSS! 195 g tsorer

so\ges B35, frieft daf bdudetr3si 4pid/or @h@oﬁ%a&ﬁﬁ@bﬂr@@lﬂf@n@ﬁﬁblﬁhg the gases/
fed to.the atom zer. through tube 174. Interaction of

vag%méa%ngkﬁ PoTtipyaf fubiagil42-a58¢ gases/Vapers age eqaniped a sufficient distance
froh? [h%%b&f%}} %? y ORAZthE: h@8saS &']‘F%gbrg ﬁtgacgmg h?éTSSnxed prior to their

secti on nnel sect I

' entsanct io tHeS@actichaiebers eRtel @mblid g’aoxivdpbrtlh eut@t 18121 phsdes @irough a

no zIe 66. F nnel ction 5 178 directs the
duty AR i i”éew haigbay EBRamcHiog et ? {RaPIpNISRLSt ush as 102
in #i80;. Delivery section 180 leads to a rectangul ar

react ant opening 182, shown in the insert of Fig. 3.
Reactant opening 182 forms a reactant inlet into a

hanb f ti d t
A 3 o TR R s eoan , pied 5 o1 /Go o Pamangond gt source
148, ReHlicle €nl R4 Bqulid réabl@ntodﬂh%rly ?girétluﬁ a $IHQEachRT aélﬁ/eﬂ}ﬁeﬁ)paratus a

i s covered by an outer wal 6 that forns a shield ing
ﬂaﬂb@vawétﬁr, a3 oylirglgr @rmthmw@ﬁbﬂﬂfm@amr an conﬁqaefns ngs sigmn in Fig. 2,
190.
sec&lécﬁ3 Ff% | ona lugdﬁglgl %ﬁv%r? a.#x Q&&l? ﬁrya(f c{rag{(’jp X ?}Eég Ey Yray ‘of tube 142.

Altegiatiedy, seédnd redveand soul®s can aleli s dhe se@@fderéﬁdtﬂ’ﬁ $ntb Ats6conB duct such
el ongated reaction chanber js described in U S Patent

thagthegwo gegstants arexdelineead separalely intorthe reagiipn ghambernwhere the reactants

corQ@ihé ME6YneAP R rRAURA %one i I Ri? tEé RAMBESELPediYplex atenals and/or
reference. 5 In general, 2 substrate |s nounted t

dopedompitoralp raosigroficant n‘pmbelt cpfcm&‘tirit cwimes dndpoptidnelly, separate reactant

reaction z The .di stance .from t.he rea tion zone
aug B bR AERE i B TRRC Rl bPert e o 25 reacan
souE€eRtanB@r Be&s! hieSoonteth aﬂlﬁ@fgﬂh Ah&plel &%n%&i’@&l ﬁlﬁ‘ﬁt%ré, Sould be
pl aced in the ran romno nore than about

useéie Aassrilowy %)n(r@%rs g@%szanabe ysgd tm@gulet@c,thtaﬂ@wmf GWGS/E?@R(XN within the
reas &é!l@ I‘rﬁ?oc of Qggd%{do% rgg ?ar.r‘r)][tﬁz%rg u?r%?r an be prov1ded similarly

owns Whére

forlthiﬁgznﬁuem/ofa)n@lé:()rnﬁtaﬁﬁlgr of 1/e2 of the rraX| rrum beam

intensity, in other enbodi nents in the range(s) from

about 0.5 mmto 10 cm and in further enbodi nents in
AstBRdDBRES (R hredcAM it k

° of o? di nary gflll In %%n H¥hﬁﬁff ﬁg%r%?gn Aﬂﬁ%wﬁﬁ&scm1be
formgd withortht reastigechambehomputsidecofehgieactian chamberspriok to ln_]CCtlon into

sub fra i st es are.concei ved ,and are w thin

the R oh s - IE T o SR cepHares the e ptekiom i e, reaction
chaiea Mh€adrébolst@n $8 nr&ﬁ)dhE@It thR PR kdactlf inRBLoRIpAAY R to ftllld%Wused for

can be 15 directed to desiréd substrate | ocati ons.
gaspoysefspeiantnt schvas tepgiantainles 1980ntksg pér fitarnthe dbsmat@neof complex

ma&gglt a@cﬂhgﬂatl I?iéroscgl hg%nerrgt%%t gn%r %ngn%as sousfces can be combined to supply

the desired composition within the reactant stream.

An embodiment of a reactant delivery nozzle configured to deliver an aerosol reactant is

shown in Figs. 3 and 4. Inlet nozzle 160 connects with a reaction chamber at its lower
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shown schematically in Fig. 5. The reaction/coating

chanmber 252 is connected to a reactant supply system

254, a radiation source 256 and an exhaust 258.

Exhaust 258 can be connected to a punp 260, although

the pressure fromthe reactant streamitself can

mai ntain 5 fl ow through the system A valve 262 can be

used to control the flow to Junp 260. Valve 262 can

be used to adjust the punping rate and the :
sufaer @2 p ottt mgzAldh aeb ebmpries SuUple®. 164 theobd8Ghiodbwsy Sirfie 162 to

filter, scrubber or the |like 264 can be pl aced between
seuFRlsE PoZTER 164g th?){ﬁafﬁfl@(%@)‘a@lbefr elﬁ%%éozﬁi‘f‘o]d{&))cﬂompﬁses an inner nozzle

it ' d PP

162 8%&&%%1% Ii'@ﬁ ﬂﬁlgxurg&gleq(%% cgrg 25\% £ %&%?}ggfa tfvslu(l) \9vr1ﬁce internal

ubstrate surtace. strate can co
mik ratomiaer 3L ki dre wpnef 26 8ndzelec o8titdblee g bioinite ansi 4vailable from

rodyct. c osi tion Substrate 266 can be nounted on
SpEYIEE SYBmEMDE O Ior b FEn arifse riemglonigierpizer 170 has a fan shape
to %‘é@l%er@ﬂlfh 46 SR8 add GasEdiR WompB&fibds Clﬂgﬁ}g is f38%he atomizer
70 can be connected to an actuator arm or ot her
thronghdvbez 63, apigasestfosintroduntive irg¢ dgeeR76n timnbeeanp féde the atomizer
subst.r rough the ro t..st.ream Variou .
e e e A LT SR R
the substrate surface as the product |eaves the
reaction zone. A shown in Fig. 5, actuator arm 272 .
Outer apzdlatl 68 cemprises 27 chambes weasion slfifs & rfannel 236wion 78 agd a delivery
. 7 10. ¢ rise thernmal .
socliF 1 85 R BT P h B g ol DR uREER By Sl section

178 dirgesrthd asresobind digeous bmpositi@s iftd delia@e setiibn 188, MBélivery section
designs for a stage, conveyor or_ the |like can be use

180 fadswioed rectangulan ecteatt ePepHigol ifh shoven i uisters piofiig. 8. Reactant
Q- - del . .\

Pl 192 SO Ry SRR AP S o MELRS, SR RE 1908 bR depositon.

Outgonozne 163 copprisdsveedrin 184 tcaembe gesliqat|tbattwllédtom the outer

Bk RORN Bt R5teetnt Rhatd vl alPeye €hied8eiaet opening

188Wutduidifg redeR@SifehPR IB200RSS shiddRizhes iﬁg‘fﬁgdﬁdg@ Mrobgh tube 190.

shown in an expanded view in Figs. 6 and ;
Additiongl embedpgntsnipethe ingpdictioe afoar apwselt with angzer gore aerosol

[ e . di . a a
eenfler B USRI ARG S HEEFOEEALT ey 19595 v
Gar2s et A entjtted CREeagpait DeB 8ty iAppaiatusestinbytpsraietl Abdeth by reference.
optical 10 elements that direct a |light beam al ong
path 284. Optical path 284 is | ocated between nozzle

In gbRéraPNHe %Hps%tageafsem&?ﬁ-{ed go qgcfei\fée%@dﬁ&a&)trﬂp%ﬁ%igﬁsn ﬁo%vﬂ%gfrom the

above the surface of substrate 280. 40 "Referrin

-reacipmygones Ehedlistance fmathierrgac?ies zbse foothersubstratetchr be selected to yield
.. .Substrate is scanned st th reaction.zone..ln
des%eé r?é’?%ﬁg, ressulljts.sﬁségl){rée eétg%)%gg?{lt% Zhecsﬁ%aé%ls é)}]accé{] 1n the range(s) from no

mor€ @ivepoit 15t REEmeRH:. (cmPRBMEN Qb hifd RIGaRFDWE ddttd?eneasured from the
.connected to an actuator arm as shown in Fig. 5. In
radigfionchenmst §dge 1-corfid AP WsHeam lpgis| frnoiniih whererthe mdiatign intensity is a

factcg'(e)cg lig/%me hehinGh &N Qhrendty, ﬁ{]Xthgxf eﬂb&ﬁx‘h%&g ¥n ﬁIe range(s) from
about 0.5 mm to 10 cm, and in further embodiments in the range(s) from about 2 mm to
about 8 cm. A person of ordinary skill in the art will understand that additional ranges within
the explicit ranges of substrate distances are conceived and are within the present disclosure.

The coating process generally is dynamic in the sense that a well defined product flow can be

directed to desired substrate locations.
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5 conprising known designs, for translating a
substrate can be used to carry the substrate. In sone
enbodi ments, the position of conveyor 288 can be
adjusted to alter the distance from substrate 286 to
the reaction zone. Changes in the distance from
substrate to the 5 reaction zone correspondi ngly
alter the tenperature of the3%roduct stream striking
the substrate. The tenperature of the product flow
A stpresehtagvd igpasiBsIS0ab Segeme sdsirite @bhtBlpSwithle the reaction chamber is

properties of the resulting coating. The distance
shwp ielismafiprllysn5ag dat ldeapretipnieoatiog chamaber 26Ads copagrteskto a reactant
j,u egpiJi ragdu s ti -
S“@?%ﬁi%??%s,'sug é%Mc%§¥$n§Qhéﬁ%g?j#5ﬁﬁt%ggdi |§H$ %%%lebe
coshentge/ to arpuepd60salfipogti thepréshee Sohsthe ataetabbstreamnpelif $8n maintain

t her na ontrol featur 10, such that the tenperature
Aot Erofen S SHTER e AE 62 52 BEDER t 6NToh ey I BiGEp 260, Valve
260 AR Ve Akt RSadj@S méjﬁlih?%% rat® aﬁ@%eh&frregﬁgglgg%z@]%b%{ %rgssures. A

| ight reactivé deposit appar at us
coBection sysRefefiltarnggrubberpthe dike 266 cas be phaaabbetwd@D chamber 252 and

in es a light tube 302 connected to a,CO2 | aser
gl 5 R et o imscR AR etsaafi BiRghg wotate suface.
shown). An inlet tube 306 connects wth a precursor
delivery systemthat delivers vapor reactants and
Subsgiralg 246 erasentact fpve fromypeeactiyszang 248 te goat e abstraie witheproduct

o frdel 310 connects t [ 0OCESS
corfdbbigdil. SRRHE' 2 RA PRI plel U8 4 e RRNERY o s BECERS sweep
subsaate| 266 Afy8ughHkb dlust SpeafisfiBy stage A b Gelcdatistedqo an actuator arm
ﬁrod ct filtration chanber 312. Product filtration
27 o8 AUF TROIONZCE RBEEES 1) O YSuTiECat  Oplanpvece dhip sesptehirpugh the
prdéiﬂcétes&gﬁﬂdeg.riéﬂs%%ﬁéurmoﬂg EaSbLld R%Wé@ % &aﬁﬁ%%@osjs "he substrate

. 9. A substrate carrier 316 supports a substrate
surgge\es the praist lvoves| the 3eBtioSubst.r at shown rin dig. 33 Gachmtor arm 272

connectedWth an arm 31 i C ransl ates the
walf T Ao Wl pifte, S50 206 ot e a0 o SBea (e 270 can
corfip @ Uitk cEiitf? AR MRt | fRevilis @GP hBohRACHT B8 ZRP&ature of the
where the I|8ht beam i ntersects the precursor stream
subsirgag it B Un Oshar desgs forg sirge eonveygsror drediks chi herged to sweep
the LTE¥RSH, ggé {S, shielded with a tube. A light
eentryeg%?? gp#gaﬁégﬁhto direct a Iight beam between
process nozzle 308 41 and the substrate. In this
. e di ment, unqbstryctedq flow from pyocess nozzl e
Flgvﬁgﬁws rﬁ?%@é%%eqwﬂeé ?fqny %&Oamasaéﬂt Hopstheough 3he sgpgtioR chamber
goeck SRESbRNEINBHS HolWe AR AL be BRGHL % 16W tﬁ@fé@&gﬁg forhife top to
of substrate carri er 316 and process nozzle 308 iIs
have Hiswn fiom thegop downThia a gapddewn senftgusationp gralvity 3618 absig with the
dqgﬁﬁ&peg&gg for precursor delivery 324 and a shielding
gas @‘openlng 326 around precursor opening to confine
the spread of precursor and product flow Substrate

-carrier 316 includes a support 328 that connects to
An%pq;@g‘g)gdlﬁ@gtzqs shapgingn grpanded view in Figs. 6 and 7. A substrate 280 moves

relative to a reactant nozzle 282, as indicated by the right directed arrow. Reactant nozzle

282 is located just above substrate 280. An optical path 284 is defined by suitable optical
elements that direct a light beam along path 284. Optical path 284 is located between nozzle
282 and substrate 280 to define a reaction zone just above the surface of substrate 280.
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bracket 330. A wafer 332 can be held in a nount 334

such that wafer 332 slides within nount 334 al ong

tracks 336 to nove wafer 332 into the flow fromthe

reacti on zone. Backside shield 338 prevents

uncontrol | ed deposition of product conposition on the

back of 10 wafer 332. Tracks 336 connect to |inear

319. 5 For any of the coati 4 configurations, the

intersection of the flowwith the substrate deflects
RefdtEng tRJFest 6randof, 4 Beutihp @86 i Mtnedids tHRYuRG RS iSEAREE past the

to select the position of the reaction chanber outIe?
reacHo 9Beint If cgeneta wbardie 4589 dinr det fasnedfont Recdnvexordiage 288.

t.e, r, . Lacin he outlet jn .

Co ??)[gg/?tag@?@ Jf:a% te %ngéclge% to a%%?&ldéf %En?, a?__ 8%10\22:)1( lalllnu%ﬁ'e% . ilnl aifmative

Ine rrom e reacta

- embadinteats, aiisisraald hendtor, alcbetinuohiebahembefor d8Sing B & Qariety of design,

direct_ the reflected flow to the outlet and/or to 10
CORPRAREKAGTE (rsient ifomraelatipga bt cackedred ey terybsteie
speci fic enbodi nent of a light reactive deposition
apparatus is shown in Fig. 11. Apparatus 350
In sonp embedimgnSChel msiion |df ghtveyori28% cBbRBe adjustedied aldr the distance

del i.ver tem 354,. a reacgtion ch r 356, and
OB Y Sy RIS S iRbraIT | RGHHES BT e dpnge SeRoiHheRee fo e
reaBlic0E &8 tSrebBortiIM alfef bheS RHRRRE! Jfl fhe 1RBGIAMSarh Uiriking the

fornigapdoped sil1con/ germani'um al t hough ot her
substsatet aitestewaeratyee pfithengroduat dlowdstdking thelvgisiratatgederhlis elfers the

1 h Lsclosure herein... As shgwn in Fi 2 i
proplty St BEHRDE P koS B Pl B Suyad e thevepcgion zome
canSBeE)isted Rnpazoally © Boduc dédfidrcostalg prepartiGUNRY 8¢ eimisSdensity. In

that join a m xing subsystem 366. Gas delivery
addifinns (her stage/seDveyan SURpRTEShe sistrae campemppiss themet eantrol features
. N £ or. .
o PP RS OB S St B Rigb{\F 1Bk pdetures, o
desft@]. gas del i very subsystem 362 conprises boron
precursor source 370, an oxygen source precursor 372,
an inert gas source 374, and a light absorbing gas
An&Bet &8bctiBentBE a0BSRSret@NRI PotifoR a?ﬁ&?atﬁ? né fspbwh 3L Srigo 8-10.
where the gases can mx. Gas manifol'd can have a
Refprriag doFig. Beproedss ghamter 300 ifchides afightytubg $& connectedass CO; laser

. e ' i
and B Rk 0 EinB8ed P RERR Sl B Ptk o Rggin™P il S8 sfomcers
with @ ptcussot delivght sykteamiandeivesvagbr teh@itlts sQESBer gik&. Inlet tube

hanber 356. Vapor delivery subsystem 364 conprises a
3063?%%? ey Prpg;eSéPO%qlf‘agQ?- Y pdiRat §raspadtube3g P conmpsts to proeess chamber

300l REHEN SR WRL RN P%eﬁgﬂﬁﬁgg@g Eﬁlaﬁstl%ﬂgd;??tttg%ei 3e 10 leads to a

reservoir to supply fiquid precursor in
prodpgthitiatiore shanther 8 &bl RBrofiha dlitraivapbambarid 2 apeneisao hphng at pump

fr or exanple, MKS Equi pnent or can be produced
“m?$%ﬁb}%adily avai | abl e conponents. As shown in Fig

12, flash evaporators 390, 392, 394 respectively
supply a silicon precursor, a gernmanium precursor and
An gxpandRihHeFoRisprpeese whamwber 3eisfshawh i Figp ot atosubsicaip chmier 316

supﬂ%'f‘tggrs%mqe E%Vg(ﬂr&yegg nozzle 308. Substrate carrier 316 is connected with an
arm 318, which translates the substrate carrier to move the substrate through the product
stream emanating from the reaction zone where the light beam intersects the precursor
stream from process nozzle 308. Arm 318 comprises a linear translator 319 that is shielded

with a tube. A light entry port 320 is used to direct a light beam between process nozzle 308




10

10

10

10

a selected partial pressure of the particul ar
precursor. The vapors fromthe flash evaporator 10 are
directed to a manifold 396 that directs the vapors to
a conmon feed Iine 398. The vapor precursors m x
within cormmon feed |ine 398. 5 The gas conponents from
gas delivery subsystem 362 and vapor conponents from
vapor delivery subsystem 364 are conbined within
m xi ng subsystem 366. M xing subsystem 366 can be a
anfBf fs@bdrafehaly GRTRINRAIMAE flBYWidQMeRsHas! %r\ﬁ@ésy nozzle would
subsystem 362 and vapor delivery subsystem I'n
pradeed directlngp sulbsy svzie 3EGwhich deadm putxdawsatmarspon fibe 31 €.d
to inprove mxing of the conbined flows of different
vapors and gases at different pressures. The 10 m xi ng
ArPE:QHddBFevi o B ABERE cArBEM 188 %Poc%% 1028388 RakkivnMFig. 10. The

into | ower pressure sources. conduit 400 | eads from
engriok mr@egmylst:éh&}@s@ntcmemeaé@ﬁ prRowkardsiverg584 gnd a shielding gas

du{% 3 groﬁnﬂ erlegﬁr (%eo%as 2 ¥, o§1'§tn49t§ SR o? plr'les’cl(?rsqt &hd product flow.

S VI ng- nozz

Subse e 6 ﬁ)@ﬁlﬁb@ﬁl sﬁﬂﬁﬁ\bﬁm ahb ,coﬁiebﬂ’slocu ProdedehbzAAS08 with a
source 374 can_be used to supply_inert gas to an o
bragketeBRal A seadern B @n Reneldrisy p mpuRb3 4 éuchﬁg@t WHPep plides within
moAH 3§4{ % (Ijlg fkfaci%? 388U AR RERF 1388SnRf mk oW 3hl %é%a%&& zone.

as a e reactant precursor streaminto the
Babksgi&tshrekh.ﬁ& pmvemsnmCoﬁitrdmleéﬂemniomjf perdudtOdnpasitibe on slecback of
% ggntrol ge heat Hhro g conduction heaters or the
wafer Fi30rgaRGt ol msaHgor  del i very subsystem
m Xi ng system 366 and conduit 400 to reduce or
el i m nate condensation of precursor vapors. A suitable
Fom@momeong eonfigyrations Ithem@:es@ctfqrmﬁ ﬂlf{ﬁe\g avm\Ethﬁ selstrategleflects
erml necursan
1ral

the tra cr (Wl ‘Ctil}ecglrﬁl T oy d’ 16 ma’ be con e%i\%zc? %16:f ?osm ncl)ftﬂel%l reaction

chahﬁﬁ:f butee s Scchid Tohohe kéhadg@‘ﬁl Jdireclibg omﬂé flows thlidirehé subltiate, rather
be 43 interfaced with mass flow controllers (M krolls
thagglaging | quilet Bna duiest knsnire®| the Hgadtant nlptowl of exaesrmée oif may be
desHRBIE 1 HRES &%a&la&'b%c Hés?é?{ & dildle tl?éj}éﬂ'ggt@& Q{é\xp{o fHCoutlet and/or to
system can be I ntegrated wt control from
chaBgothk posin dithoowttet acwo(ddigty.nsf or d, M. Referring to
Figs. 13 and 14, reaction chanber 356 conprises a
chanber structure 420, a wafer nount 422 and a noving
An&ﬁérz%)@cﬁi}d Shdoufrht ofth dFhefeadiveWebtliford@iparBitis sReWwA in Fig. 11.
stan Chanber structure 420 conprises a hatch
Appezatug A2 C@T@Eﬂﬁeé@ CPobrser lght source 362ha a@ataniCidtyiger system 354, a
I h
rea SRS o RSB SE IR Reft QU A5 1 ey digram s
shownnsdﬂWséerB speificreadthity fd)ﬂ ﬁ)hhmgwhipéﬁl sﬂﬁﬂrﬂ@ﬁn&ﬁmﬁf;‘ ciitheugh other
power neter (not _sh % w_ 436 can i.ncl ude
reaféaqt%ff@ bedygher gscl%@eé o1 wl?aﬁltptfa aﬁ’reéﬁ%l thfd%ﬁ%%fe hereipct ur e
420 interfaces with noving nozzle system 424 through
seal ed ports 440, 442. Chanber structure
As shown in Fig. 12, reactant delivery system 352 comprises a gas delivery subsystem 362

and a vapor delivery subsystem 364 that join a mixing subsystem 366. Gas delivery
subsystem 362 can comprise one or more gas sources, such as a gas cylinder or the like for
the delivery of gases into the reaction chamber. As shown in Fig. 12, gas delivery subsystem
362 comprises boron precursor source 370, an oxygen source precursor 372, an inert gas
source 374, and a light absorbing gas source 376. The gases combine in a gas manifold 378

where the gases can mix. Gas manifold can have a pressure relief valve 380 for safety. Inert
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10 420 interfaces w th exhaust system 356 through four
vents 450, 452, 454, 456. Referring to Fig. 14,
chanber structure 420 further conprises a reactant
port 458 that connects reactant delivery system 352
(Fig. 12) at conduit 402 with noving nozzle system
424. Referring to Fig. 15, baffles 460, 462 guide
flow to vents 450, 452, 454,42456. Referring to Fig.
14, two- position shutter 478 can be selectively
ga®REMBE 3A0:A6! 0 GHo 11Re@%D A8EpI) AREN )ga® FwithiH @hed chAeA1RE @EJacent the
15 wafer 472. 5 Referring to Figs.” 13-15 noving nozzl e
wigdasrsdanse 482 GRpriedds daeqibightritprmamenters@dighhspuragmity ghamber 356.
system 502. Movi ng nount 500 conprises a nounting
bracket 504, 506, nozzle 508 and mrror nounts 510,

Vapd2 delMRHN biibRGstérh aBetsin{3ds a PDGaleO uTeflush ROZFIr&oRB0aBK, 394.
mrror rmounts 510, 512. Nozz| e 508 connects with )
Eagly flash egpprates leak He soanectgeio 4 liquidgeraon 1o supply liquid precursor in

. I al S I 4
sullBE ot " P BT BELO Erhe b ar BB B, 30 cnample, MK
Eqbipaieat os et b produdadntikem frealily anaitublel congponefts.t s shown in Fig. 12,
rectangul ar_section 522. A flexible tube 528 connects
flagly ieysrosaiers W 13721 S ISTRECHERt SUPY, AsBLFPT RECUPYfe 2 gormanium
r :
P R A G ol o (LTS REARNE B B ¥ ERbhcd to eliver
a selettod partinl pressext afiteibaticul arqureduosor.ndbe mapoecframdgbd dash evaporator

Cl.0SS .secti o i di mensi gns _of 0. 08 inches 4
ore Qg Y58 MaBi gl o8 At P B g P pRBGp FRd iy 305 The vapor
pre@hrsGra iR vehbféonimaéd R8d Bhe 810t hs or wi dths can be 15

used. Metal grid 524 divides the flow from funne

section 520 to provide a nore uniform flowin

[ i r |
1o S5O S5 SB35 18 BTSN e
delGieBl bt B64Cae dombined wathin mitrig subs@terRBHC tMiXing subsystem 366
zzles Wthin Fl ow ng eactors,"” incorporated herein .
carp e raelf“é‘?lgl@ dhat sSrfe tHOWFIgm 838, dehivey oFubRYSim 368 gigd vapor

delgvéér’ éu%(%éfem €34 aRGhd ﬁ%&?gdbg}%kéénlg SR MR LRI RAEKE tSimprove

_ Mrror nounts 510, al so ~ conprise
mixing pé€chd vahined flows i5Bfere3@mpomtindhgasematbéiffefent pressures. The

.examl arabolic or cylindrical f.ocusi ng_copper
mige PReE nelReiney 1Sl b et Brotign B ISR ERERE ources. A
corjd@it B0D BhERS Mhiking sGbsy5df 368 32reh&ionltBumba3i5H. an arrow

in Fig. 14. Mrror nounts 510, 512 connect with drive

5 system 502 at support brackets 534, 536. Referring
A s ol 16 SR B8 58 O B IBRRnE Bl AR @ o
nozleeassmhldy inovesion chagbet 33thatthaghphes ghosdunee 374 can be used to

o RE ST st S SRS T LSRR

extéTBAl REGGRE OF 1R AOZRSIHeR 2k fhlR P WRRRtar® fpréddor stream into the
bracket/ nozzl e system The velocity and

light reaction zone.

A heat controller 408 can be used to control the heat through conduction heaters or the like
throughout the vapor delivery subsystem, mixing system 366 and conduit 400 to reduce or
eliminate condensation of precursor vapors. A suitable heat controller is model CN132 from
Omega Engineering (Stamford, CT). Overall precursor flow can be controlled/monitored by
a DX5 controller from United Instruments (Westbury, NY.). The DXS instrument can be
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accel eration throughout the notion can be precisely
controlled. A suitable notor is a node
P22NRXB- LNN- NF- 00 from Pacific Scientific (Rockford,
IL). Referring to Fig. 17, dual |inear manipul ator
540 conprises a notor interface bracket 544 with a
notor interface rod 10 546. Mdtor interface bracket
connects with a first shaft $48 and a second shaft
550, as shown in Fig. 17. First shaft 548 conprises
intSifRRd 2460 ARd ﬂ%wfdoﬁ§$1le?§?@§l€r5ﬁs$@ [ B2fica ) cSROPYE the flow of
shaft 550 conprises a stop 564 and a second support
ong [eafrtor® 8&ror/Bef precursgs.t dheiagomatiGn olthe syFtemsteobs i6®Lrated with a
564. | .mt,the ilon of duyal.linhea ni pul at or 540
COB\%‘g‘r?r ﬁ‘f’%‘p%r 50 ?%@&Elo%@e%#g%oWMO, 442.
Support shafts 562, 566 slide through ports 440, 442,
respectivelﬁg 15 which are sealed with an o-ring.

Refogrng & Figp.el3 fudet4, repesior gharplerfisevaemptisesna elipentisa skugsgre 420, a
rm.t r t er.a tank

oot S50 SV OIRU e SOF ERBIRET Al 088Pon o sons

43¢o1hasibel angturSUPP eomhpsdesfd Kat86232 Hab searwetdsedvnlith a latch 434.
nozzl e system 424 at support _brackets 534

Chgher SgEAT\ A OSSO Fioghatiaposicaeg fsorepéive light from
las& 30t $hdSHRRRAbY m\fb%tg‘%zlﬂhﬁ \ﬁ%a{ %]b%%%n&&%ttﬁg:bgalrelemeter (not

chanber 420 can conpri a support trac
shauppdyindewnmd3oroai imglude 2 2dms, syk he mcykairiceXenmp | Ghandeg sthataire 420

. .rail can be. included o ch sid f the chamber. The

i RATIOYRGIORAE & RS 476 CERHEPOPP BORRIEn L. Chamber Sreture

420 ldpfakest Wi exHalst SOHEM SBB Ao BN o%r vENE45Y, A5 E WIRS A5 R eerring to
flanged rul on bearing that rolls over the ‘guiding

Fig &) chamherostaicanh 82} fasther camprings & reaptane ner8 388 duhrpeninsets reactant

11,580 h . ical.ly in,. Flg. . :
e i ) SN RE B o dpesSiyPingisd: efmne o
FigC 0finvafiles M668,0a52t duvdzl fowrd Ventsv45W 45245064, 4562, Red&rfing 45Big. 14, two-
Exhaust system 358 can further conprise a filter 594
PO VRIFr A6 casbe sipriuely ispened @ Rlosed e poseHpRsiy preshield (closed)
walef s 596, 598 and a punp 600. Conduit 580 connects

wth filter 594, and Sodasorb(r) traps 596, 598 can be

pl aced between filter 594 and punp 600 to prevent
The line from second

hl or.i fr amagi ng _t-he punp
RelGRigridet oSO8 e 78 A PBCH, STUTERee BURE Jount 500 and
driveldybteml 3020 WIBvihg mdudf SEX&RbrBes @ nthtih®bRAENet BOSRsd6l 86Rzle 508
5 Edwards, such as nodel 80. For the handling of

and) miregs raQupE 2 14; 632 Mpnngpe ibrackets 384+ Y04t eonnesh aizaig SO8 and mirror
oGRS RESIEENERR R e R R R O 814 516

Nozrben$ll8i adg compaipes faandl gsctivaS@ind easdnighlar sictiere 52heith a metal grid
b ttoq1of,the substrate can then be contacted w t hqut
$2404 Ph

HERA AFICREXRAPAE AT, 20TRFLICE 540 Ffepar arsyeli@mdart exible tube
528U8RkctCorde 361 With fe%é}ﬂnttﬁlﬁp#@ ﬁﬁéhemaméhb% Mfsﬁibnnected to

one or nore tinme, and renove the substrate from
the caaatantndpliaeryasystémrasl the nozzle moves. In a particular embodiment, rectangular
section has a rectangular cross section with dimensions of 0.08 inches x 4.65 inches as
shown schematically a top view in Fig. 16, although other ratios of lengths or widths can be
used. Metal grid 524 divides the flow from funnel section 520 to provide a more uniform
flow in rectangular section 522. Nozzle designs for flowing reactors are described further in

U.S. Patent 6,919,054 to Gardner et al., entitled "Reactant Nozzles Within F-lowiﬁg

Reactors,"'incomorated herein by reference. Referring to Fig. 14, mirror mounts 510, 512
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based system can be convenient since the rollers can
be selected to be tolerant of tenperatures used to
heat the substrate. One or nore of the rollers can be
notorized to 10 propel the substrate. The roller based
conveyor systemcan interface with additiona

conveyor conponents as the gﬂpstrates are noved away
fromthe coating area. O her " suitabl e conveyor

@itens i ncl yde, for exgnple ai r-driven, contact-|ess

exigpff yespestyelyi fram sronnting Sracketd 045 906 .o c Mirros mgyats 510, 312 also
corﬁgf(?&qk &}vegf g‘{o‘rfgﬁgﬁ %g% whid (gag]rb'relsfé)g Q)ga\fﬂon brl%l laﬁ'oghc %gbyhh%ncally
focﬁslhg coptee miiB@rs.c dhe lrmrrmsdﬁn foe ovatesicooledn maﬂllghdlmtlmbetween mirrors

t |tabl material. that is toleran
53@6%?0‘515 %Wﬂ eqr%avmrbhgaﬁg MIgQF rqugtsp'9, ééé] opfpect with drive
Sysft@ﬁ BB Hat Sﬁ}%mg}h@&{szﬁqrggt her suitable material. As

shown in figure, 7 silicon carbide resistive

heater rods 484 are p03|t|oned to heat portlons of the

Reftiit if T U BBl LRt B P2 5 & motor

547 € &€ bad bmbddiieAtO thR rlnbl@»hfmdizeﬁﬁ tnha@,ﬂet RAN@UPRS 16 thel Ih&hp@lator arm
product streamis directed onto substrate 480. A l'i ght

suqhe #18f iik cprfEly |ﬂam@@pvetn@ntppégbganaéum%¢t9reﬁancuﬂhe meventeat of the
of .t e '

e 580 5 ol S AR bl BRAEE i ThR gy and

acomegiition @lirosgHoat thatneon@&(ban be paraisely dontralied. A asitablehdtor is a model

tenperature of the substrate during the deposition
P2INB KGN 90 fih hasibn SnHEnlRAwTongalld; dtaring o Fig, 17, dual

lin@R Ik uY S 5A00onpHREP) SrotdrGteHOSbhales SQ@QVlﬁ’;ea ﬁ]lgRylr &terface rod

urin e deposition process since a relatively coo
54&u Motoatmrfaan beaphetecrsmedth avithr o fit tshafo 59® sind iaosecand sitaft 550, as

f ' ts, .th
shiib i 477 e AR R R SRoRUs ] b srbRt shaf 562 and
sedoh@ BRHAES SOk Bip Sdaandaaietdid siPpRt $RRS66 SRbfeﬁh{geto Figs. 13
heating tenperatures can depend on the particula

and bAtsang Skt 3o limnis the et gli linegmmaripulgtor S4@ mhag stops 560, 564
coxggét 3)0119 44(5: 529 b %\Mﬁ{}cﬂ{‘ glﬁlq{s 5%5 r %Eeﬁtdgl Xu%[ p(\gljdgl S&{%)e h&% Xestpgctlvely,

ce ladyers varying conposi
whilchvaaé vealed xglﬂaaiuaJnngh &Fogherirore, Inetogas @an be d)]bwb&ﬁi\bﬁﬁﬁhe ek of the
nposi ti ons or dlscrete(#ayers Wi th dlscret

traasgﬁﬁro@m fooprrag theethembes andrigekeen by iy Cleansh i rgpect to product
coﬂp&s@ﬁdr@' St d‘éﬁé?ts 365! S5 WnA&et %maswh% S gfsge?]ﬂ a5 at support

om a flr mposition to a second conposi til
braGkete b3, 5§6, rtslpectfwelysas shompos Fig bk and second
conposition are the conpositions of the adjacent
| ayers (or adjacent conpositions in the same |ayer)

?;Hﬁhshtaﬂﬁﬁupbbﬁ rﬁdvﬁ{gsrldzkl@@%/ﬂ&h el aFuRk@Mofte Shantr 390/8dn comprise
!

ansition in 10 conposition between the two adjacent
a spppeet tsack \ph help sapnqrfaths mqving negekersysiemce dier Bxareple,oguide rail can be

included on each side of the chamber. The guide rails help to ensure uniformity during
translation. In some embodiments, the arm comprises a flanged rulon bearing that rolls over

the guiding rail.

In one embodiment, exhaust system 358 comprises a conduit 580, as shown schematically in
Fig. 13. Conduit 580 comprises channels 586, 588, 590, 592 that connect respectively with
vents 450, 452, 454, 456. Exhaust system 358 can further comprise a filter 594, two in-line
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| ayers, the transition material generally has at | east
three layers, in other enbodinents at |east 4 |ayers
and in further enbodinments in the range(s) from5

| ayers to 100 layers. A person of ordinary skill in
the art will recognize that additional range(s) wthin
these specific ranges are cpntenplated and are within
the present disclosure. The total thickness 15 can be

SoBE Y CYdF GIERIHIFHE SPB 3w S rLAETE PO CRPGRT SFU comects

witefl ek %bh,ya:ﬁa%d@s&rﬁ@ %B? $56, | @%%ah fbw@ée@ %Et\aJeQQ filfef S@i‘ énd pump
in other enbodi nents | ess than about 25 m crons,

609 tr priceent shloodé dont danaginghibe rpamg)e(B)e linedram aéond CEb@neu trap 598

cot B BB RO AnBebt A bn e L b, une fom
Ed#afde) suieh adino 8l QYIEB0Y Skl Il in the art will recognize

20 that additional ranges within the specific ranges

of | ayer nunbers and | ayer thickness are contenpl ated
Fopﬂltg h%cﬂ r%g‘ (;fh%n'g tsﬁb%tr%? Sa?ﬁrtogg{lé %lﬁ@% %amTthe%T&@}(o% CiRes can be used.
W1ﬂoproﬁa®taiepp$3ﬁ@xomtatﬂeé opesfube stibistratene sdder Jamgel (ﬁrdubstrdté‘lhandhng

ste -w se change in c osition m or may not tak
APRIQRA %P?é?ﬁfnesf%%%e E}@w@g%ort%w@rféhw stfqﬁecewtaﬁsb? PQmacted without
SRS R onB Ol 8 B AUE L e L B0 959 B

coatimgyposdess e @fmarh dinrep tt reaiovg dlesubbtrate fromdhé tmtmgiarat A roller

diff t ti . Wi thi t t
bageHy POHRIL S8 i CORBOIENE FORE VAT TaRFS any Ho SHepidite b tolerant of

terSPARSS ubdS R feal B2 RGP DHeAr8Hodeof tRE PEINEE caPBE hnfdidtized to
structures. Alternatively, various patterning
prapgh threa sthstratean The rolderdbased|donveyay system despoisitarfaos Wity additional
f.se r r [
ool 5BHIAE B4 TLBREL S THSIAY By HCo, ) bl s Ot
suiChhg osrveysmsysfendr ddudé, fde raamprd airaltivefecditdeslesalcen@qbrs with
be changed. during the dep03|t|on process to deposit
sigel SHER®Ei al  with a particul ar conposition at
selected | ocations on the substrate to vary the
resulting conposition of the coating material along
Ortermlbod'ynemlt afie.cofmyoeatel &, shotvntin@igrl@dukfarge area substrate 480 is

0Si are. chan ile ei. th ubstra
S BgATR A%y SHICEICFSbah be SRt SO0 SReq CADIE Gher suitabl
md‘t&faﬁﬁﬂu ANtoldMnt OB bsrSprintd feRfRrathrk Rarfbief | fl@dl%&t 4&08dn B formed
conpositions in different stripes or grid |ocations.

frogs eagtz) roiherrsuiahle m@tqm@bo @stsh@wn in the fguseluk silicon carbide resistive
he%:tgrr}?&f Jé%tca?rg Pgsat? onrg'?ntc%/ él't (?rg Xs eu &1 Ist?aQe {JIP(% ré gr?(f 3 ngsthe coating

protadsy | Re@ctahteinled 86421048619 @)d!;lhbﬂHdSto duectsaaféecteﬁ‘&w ’ﬁfﬁanh ght reaction
the reactant 10 flow can conprise vapor and/or aerqgsol

zopediS: sgrﬂlgt a RRgych steeam qgglr@gpql g@potsgbséqa ecA80t Helight beam is positioned
to %g{?gg rd n&ﬁfcultdp‘?o 0 g L 2f rﬁ' M Xi02510P@BLs elongated in the

thons can be ecte varyi ng
direction perpendicular to the page so that the entlre width of substrate 480 is coated in one

pass.

The temperature of the substrate during the deposition process can be adjusted to achieve
particular objectives. For example, the substrate can be cooled during the deposition process

since a relatively cool substrate can condense the product composition on its surface.
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the conposition and/or quantity of dopant elenments in
the flow The .reaction conditions can also affect the
resul ting product properties. For exanple, the
reacti on chanber pressure, flow rates, radiation
intensity, radiation energy/wavel ength, concentration
of 15 inert diluent gas int reacti on stream
tenperature of the reactant ow can affect the

osition a d,ot her properties of the. product
Hoflgy gy Fhpme o P@Hﬁfltﬁuﬁ@r “56%5%%% heaigd @Hawg@s depositipp process to
pronttié QARG P Yhecdamg Adtelitie. ‘S@l%i@ﬁgatlfl%% ei:a@lﬂ@ﬁéintd ¢hd on the
or the reaction conditions while swee |nd)a substra
partibwleughtingwaterislduct 5 stream it may be desirabl e,
especi ally when nore significant conpositional changes
are inposed, to stop the deposition between the
Théicbin@b&ifibn ofl €O Sbdtin@mateARMScan O tiAn3ed tif@ementhll 2 be Aiscretely to
conposi tions. For exanple, to coat one portion of a
progigpes tlavere with Hagying r@@np%@ﬁposwhlﬂb wannidvelye 2 egredusd reange in
0 0]t t
corﬁ@&sﬁ%&j\ﬁ%ﬁ%% P ol tc{glﬁgoﬁﬁ 8 d1 ?eé% r% ers ggpos c?ett%%omposmon

diffdrérRes. COPRSIting Mrahsition ﬁﬂmﬁaf t@dh@@larﬂte}ﬁiivlst:hmii‘geClh cohosition
deposition is termnated. The substrate_ is_ then

fropy ér€§$ta£10§u>0§1ﬁ1@n AR PaseRPIy CAMBASHiftle CeRarbitthe fiyst comppsigon and

r

sec%ﬁg EQI(I:I g{%tg%{ E%qhe gg}ﬁgﬁs&f%g%'tf It]lléeor %I:e{lg %? r? (&dé‘igécehtscomposmons

in rtlmsamedayemhducth dm; thertchnkitien smhxstmlapmvnckessa/\@md,uahfuh&ﬂnon in
a short erl t r th roduct flowt

coBpd heeherm dinoopirent Bersr SRRIOd HasEisaumY sl can have two

laySC fR0ranSRidR QgAttH A "ggh&aﬁy GRORY 1BAR MrRE YayRAl 1iEbihet anBJ;tﬁments at
first conposi tion. he” deposition process can

leagfeh tayaisi and dn ffarthar eentd jrossits uotﬂne aangetn) dranh arlayene to 100 layers. A
peégxgg? élhgrgfssléltﬁ] q(l e Igp(r‘g If E&gglglgé i]gﬁaat dﬁ[orﬂ%] Qz{ﬁgg(g? within these

he nore e rocesses

sp@rﬁﬂ fafgesddcditeriplatdtaad btcoihid @iposictan® diselosure. Thetotal thickness
oduct flowijs stabilized and/or while the substrate

§f‘éq:c,t,«§1 %SF?Q)H Qf somem‘:@l&dgpgﬁs ebitsresty gagh layer within the step-
w1s§et {tfA 3é951 %&@aall rl?dg'asﬁlhéknggsl'egé #n aaﬂﬁutSYﬁ)eRqu&% in other

trate osition of a parti
embochrprmtst llesmthan TabeutsPdimtierons,ain ﬂuﬁheragm%d&mp‘ene dhamghge(s) from

cI dto ¢o ntr t he depositj.on. : 5
abeis SV o d00y Dmisonnaim oo iinel PBBadTnton Phamnee(s) from
ab&R MR Q)na%o‘&t ﬁ@'nﬁcﬂo'ﬂ? Raf)érﬁfrﬁof drilinaBf SRR thel e will recognize
smal | gap can ed during a subseéquent heating

that pégtiewnl ffmw avﬂélnbtherspecsﬁﬁ franges of talyeranyrabers amélayersthmkpess are
oGP LEG O A TRIECIALS: S50 WY sevis

trafisitéén Mamﬂghma@rorvmaﬁslocnmveb@prmlmgfew ledfuad thﬂ@aﬂidss ofSith&ly, the
| ayer structure, if desired. The capabjlit

steprivrisicehiapge §} ATBPSHITeaR Oh Mgt nebtake @Fwwleega@pwwqmlayers of

ﬂwﬁﬁ&?%kﬁ@m&&hﬁs woul d be a unique feature of the |ight
reactive dense deposition.

For the production of discrete devices or other patterned structures on a substrate surface, the
composition of the material generally is different at different locations within the structure.
To introduce the composition variation, the deposition process itself can be manipulated to
produce specific structures. Alternatively, various patterning approaches can be used

following the deposition for the formation of selected structures.
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In sone enbodi nents, a discrete mask can be used to
control the deposition of product conposition. Wth
chem cal vapor deposition and physical vapor
deposition, a layer of 5 material is built up froman
atom c or nol ecular level, which can involve intinmte
bi ndi ng of the nask to the derlying substrate at an
atom c or nolecular level to prevent mnigration of the
mat eri.al bei ng deposited under the mask to bl ocke )
Uswggtﬁs HQPOSﬂﬂfs%gppm?égesc%eéﬁé‘aedn%gR@a eCOPRISHOP f st?% deposited
on MY {BEEat¥hBE Eh@Bed RESRERRE R bosiBE hrostRRBIdEhEG: coating material
structure corresponding to the mask, and the coated
withregs Rarfisulatheorhpeition arsejshiedilecdtiops 00 tho mbsttatedotvagy the resulting
surf@ce pﬁth atomc |le eH contact al ong_the coqte h d
copestion f thsneqaLioe mfriH A MY Yap¥s i FPbSxagaple, 1t the product
coflpssetidrReste N@HaBpdd while FWREiNG! theSsubistrate tthioulsh OB dorb@uct stream,
the substrate surface at a high rate such that a mask
strigps o grids|can be dermed onghe sehstralgsirface witl diftarert|cqating compositions
. Sk e i des. L.cl ent .copt e (I
in ST B | OIS HO ST URRRL R deBaleCH e ision. g produc
cothpdsitidr a#fe bef vdrieg e pdmkiing theptacREs. thihiréaet e¢@abeal the product
masks can be effectively 15 used in light reactive
COTHRSHAANS| 5Py YRYiEE dhe ToRaENs condiiqrde 1aomrerqrebhadiments, the reactant
I ' 0 TBSH ni.ng e
MoB bl Ofnpife VPR o dBE b Rin PR ERNATLR BHE) 36t the
cornpositidrawfetha pradut@ac Simiard y, siopadrcohemtrationsotanbe seleated iby varying
not bonded P the surfgce such that ﬁh k can. be .
the, ORRPEGOP rﬁ‘Pé@f GFHUHY OhEORAR FiEBENISHANS g"%’o cfeaction conditions

canl ARH EARICE thd E‘&uﬂin%%r%ﬁﬁct"ﬁ%é_erti@@ PrECEaiRI& e Raction chamber
di fferent from preéevious maski ng approachés adapt ed
prefsugsen 100 natest oidiatioogintepkiyy, fradiatiem enengwfyesietength, concentration of
. ap - : e [ t or [
neFERIRAEREEp 8 oL G R TR TRELE DBl TR O Bt e
corppeyititat arslit dtea Préfertidif shdosbd@dt enaddtiald. ded with the
di screte mask. The discrete mask has a surface,
generally a planar surface, with openings at sel ected
WHiRCHHLHAGSco it SARES E@'ﬁge iR HdESd 130?ecll?ﬂ‘l%f;rjlgCtﬁe.reactant flow
except at the openingsS such that product co sition
cothpaaidrher fleovactam Sondéjms ivwhilenswéepingua kalmstratehthooigh thheroduct

openj ngs.. Thus, .the na ovi des for. patternin _
st @B B 105 A RIS ep A R o, e8 G Bi cofvgh M Deshshanges are
impdsed n® %ﬁnﬂhe%poiiﬂoﬁ%eeﬁ”ﬂﬂsddif@féhﬁ depd iiﬁcﬁlgktt%ps_ involving the

di screte masks conprise a mask with a slit that is
diffesent cvearpostians-t H®T gxamgles tto fdogivone plertidmapf mhaubstrate with a first
[ 1] pr can_be v eci sely .control |
co TR AT g BRI it VIR PR PP LR LR cm v
swelthfodkh €t patdh&rsireivhttd depesiothe MEtEcoR@iBRRDN b ANgpecifidd point at
After. use of a discrete mask, it can be renoved and
which thedepositiondniereimtsdi bR substratess theatranglatsd theisrpinipg distance
. | . -
i EIBG okt SARERATRARN M T4 8 A0R o b Sect by
chanlgingubé reactant Sbwraskactian senditichs, and the substrate is swept, after a short
period of time for the product flow to stabilize, in the opposite direction to coat the second

composition in a complementary pattern to the first composition.

The deposition process can be generalized for the deposition of more than two

compositions and/or more elaborate patterns on the substrate. In the more elaborate
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5 conpl enentary nmask can be used to deposit materia
over at least a portion of the surface | eft uncovered
during deposition with the first mask. Further

conpl ementary nasks can be used to form conpl ex
patterns while conpleting a single |ayer or portion
thereof with a coating havigg varyi ng chem ca
conp05|t|on over the Iayer Imlarly, non-

PreprR et Lo Boseep biack fiSoisan sle e aRoiet figw is stabilized

and/8Y ﬁ/'hﬁg tHf Jubstl‘:éié 1set¥<§ﬁg)b@s1t16n%ﬁt W Bre@Rbn@ntBNEEdag@Sconveyor can
non-pl anar el enents Tformed with one or nore masks.

preTiselyt positioneahdstwagp tthe substiate er thnci@pqmmn efia partigulah eomposition.

T shoffes Aot Gidis Do e RFL b il el el o PGy or may
notl88 ivs&d td dc@vmaghﬁfaemumamfn bhehePtoh sittoyls ayitianysd patern. If
masks. 5 us, using reactive deposition, a
praseitg eheofmadk g@mpméﬁlla@pm %&Eh&@ wibeequonli heabing step todeym a smooth
f
sulllf%%ewgngan ‘feﬁlve[(}pg?gg PRMGPFS % I@grtﬁn‘%: %{ é@!&ﬁ. V\% tglngtlvely or

addihﬂﬁﬂ‘ll%ll, ooidb cai belbdfiinethe mdtimgsabteﬂiaedo@gmpﬁs/btdis @as bategrally a
select?d | ocations_within the nateria

%fdge 38k sb'p%@r if ggsueguc"ﬁmeagap 1% gf dlrectly S)rmmg a dense high
et dofis WENEbE! 5 3
T Sl ol O b B ﬂ“’%ﬁ“ﬁ?g <A Rpctive dense
depasiticmd al ong all three axes, x, y 10 and z, within the
t hr ee- di mensi onal structure to formthe desired
assenbly. The patterning of conpositions of
In BB6 lehodimd, tal dibdrate! faskdah AR useBYE lcbAtk & thél dEDRRFOA of product
I'ight reactivé deposition process is described
comppsitien. With clpmigalngepan derwsitionrang physicgheapordepositime atlayer of

m%&?&h llsclﬂflft %p ﬁi‘:&ﬁ) 4119 athi @ 8r ﬁ‘lgleg)ltaf Ceg?ll, %ihlc n({ahtnll\%(i]ve %Bﬁﬁ?e binding

ngi neeri ng ructures
ofithe oﬁmr fot e hmieellymgbyutrserﬁter anae,atomd éh ﬁﬁﬁecanp rleadt e sprevent
can, be further, adapted for Ii reacti g(£03|t|on
migeatigy of e matseipl hgjae depesitad u @% Beask 49 Slagkedbragiamss drhus, the

co&tgﬁ3 HEROSIET P Qo rfgi SRS the AuriRe SPlRs e% meb%&ﬁ@t LIt dGporting

nper at ur es e deposition as
stracptpreomrrcapmchmg tade prspeatd ths, costedhmask srrdmtrnctﬂﬂsfsor physically

Some. subst r tes beco
oo @it St T G SIS Ve ST BRI SOy Bebontrast, with
pré@ice abRiditionr ad B&scHPEE hbRRR! thd pRIFREL ise8iredi9r IGH&ITR] the Substrate
transparent substrate can be used to formthe front

suefagef atca high wtepeghothet raneskewith aoﬁataswfagplpée}ﬁed lagainst another flat

suﬁgc% aﬂr{)\g '394 mﬁfic@htt ce n?& k%v ﬁrevgr[#% ical ﬁ)dgla %Fegi%ih % tge mask

orary IS~sep ar

ovaﬁ the tﬁn’:lé ﬂ‘ameséfagle ddpbﬁti@rh plockss. eRdtlel @uesd. m&‘z&lldstoabﬂﬁ effectively
transparent substrates can conprise, for _exanple, 10
usechingdighe refictiva depositigahphysica] e Rypvide g effrgigng alternative to coated

ma%H ?&%a@teﬁ##%grsﬁ}fﬁée {lﬁg%;ﬁgﬁli reh@ve d%tapgpiltlﬁn jﬁqhgswal masks can

strate eram c suk es and the
haw nh antactodel fhvppstingt stakctire dat be nbehbmd’eddtp the rsurface such that the

mqsgﬁgghfr 5§mggegd§§2'} gﬁlgﬁl}?gd :lllqagtr }1:%312 coat %Iré:for%ut e dlscrete mask

approach herein is different from previous masking approaches adapted from

photolithography for vapor deposition approaches.



10

10

10

with selected degree of surface texture or the like. 5
Conposition O Coatings The performance of |ight
reacti ve deposition can be used to produce coatings
with a selected conposition froma broad range of
avai |l abl e conpositions. Specifically, the conpositions
can conprise one or nore netgl /netalloid el enents
form ng a crystal line or anorphous material with an
tlon ant C osi ti In, addition, ant o
In s FborkiEwhISothe foRRakIRCOT e eﬂ@mgcaﬂeammg?g t%dlrectmg a
pro‘&ﬁ@tpseffe&heﬁ tFPJ sut3ate Qffelded- w&WﬁQQﬂQﬁé}E IRk OFThe I?f?screte mask has a
dopant (s) into the reactant flow can result
surtkics} genbraily @rplafar Blhf&csiowah ppe)ingsatselgeied hﬂ:aum |'Jffg= discrete mask
itions.o

bloBs i isfirage' dhsert AL Ehe ChgmGEy SEnanet TRIRE OHER i ornde flow can

depsoRiTl GiP THeUSHrfilce ARoLSIN thd xsf)amﬁgg aThEd, afit 9hasHORBRdes 6t patterning
general, coating materials can conprlse for exanpl e,

corgp@qmmapn rthe a“’luffﬁ%ft &Yy diedselented pi'ﬁ?@@ﬁlﬁtn@f 4h¢ @ipgnings. In some
em%gérﬂ‘lofi{s %u(ﬂlﬁ désl{:?ae %%aksn&)tn%f&n%trﬁ&:k a%iftqﬁa 1s narrower than the

car

prodiutt flebe suchrBitahé Hqioaitﬂoﬁlpﬁiodéb@é@medeﬁy preeiisélly/coBtréllddoiMovement
sul fides, nmetal/netalloid tellurides, netal/netalloid

of the|sih canetormpdesiredpregisely epnirolled paten wiheng rgnore compositions.
fiEH 2 dléér{a@)ﬁ?‘asft n?da%t | Ongﬁv&?m H:ﬂgé qons thereof.

ternatively or ‘ad such coating
conp03|t|ons can be characterlzed as having the

In %grllel ov‘%chmggtéha muragty QP n%%a Eeeu!lng g%lahtlplld\gpo@ft\ljcoy%n'\lg Elafemal along a

sm?le 1. ot é(ai-dl@@ HQWH%BE%&R%G&% I%tematﬁﬁﬁl@h aeﬂ}gt Iﬁﬁsk P second

east one of
compl¢m@niagy maésmbeawdd ite depasdm@mbé ntvblyats}@sm pedlohrcxf nﬁne surface
f r b
et R SHYBFREIGAI NG Sl BETEPASE! B ROt co

be @bedin® Mérsn cémplep paderad @hROtEmpleihde bingierlgydr ve portion thereof with a
| anthanide famly of elenents_and the actinide fam|y
cogiinge haWpgt yyrying othsmlqaé EPTERRSHIQN  Quehuthes BrYeT-e nedirylarly, non-

e
oS HER SLATE RS SOUPHF RO i AU e o ot
suldAquend yrdeteded Gi‘fo uPordéxamgll € nextuire, ce@b&uﬁorﬁkdedsemmplanar elements
Grg 6A el enents, and _ﬁ;ouep 7A el enents; and eac
forgle \glth @ne or rporegmaqfalf ; ﬁ t xR.lréil strmtuxﬁ Caéln bnqogaorated into the
stmdﬂﬁ’t‘%%f‘gﬁrﬂfehﬁémsﬂeeiﬁttﬁg uﬁﬁﬁ’at@b%d‘&m QnE 44 £8bihy cdl %_elected voids

feasible froma value in the rangé(s) from about
camboleft as deogzddoliowingtthe werdfdhesplofality sital mesks100,

1000, 10000, 100000, 1000000, and suitable suns

t hereof being contenplated. The materials can be

Thay, visih@lithtreactif@Bepobitius, aan gt ve@PprohRE eRfavaildble to vary the
ot her wor ds, the elenments can be any elenment fromthe

chepaiesl SEMPositon of coptirg matgrals MithinJayareand in different layers to form three-
dimensional structures with selected compositions are selected locations within the material.

In other words, the properties, such as optical, electromagnetic and/or physical properties,
and/or chemical composition of the coating materials can be varied along all three axes, x, y
and z, within the three-dimensional structure to form the desired assembly. The patterning of
compositions of materials, particularly optical materials, during a light reactive deposition
process is described further in copending and commonly assigned U.S. Patent application
10/027,906 to Bi et al., entitled "Three Dimensional Engineering of Optical Structures,"
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gases. As described herein, all inorganic conpositions
are contenplated, as well as all 15 subsets of
i norgani ¢ conpounds as distinct inventive groupings,
such as all inorganic conpounds or conbi nations
t hereof except for any particular conposition, group
of conpositions, genus, su nus, al one or together
and the like. For some applications of particular

her the full capabilities of Li

i ntere ht i
mcpa)&ew@@er% HapfsEnes ARduhess %pé’gqseﬁrs a9 beafiggther gdapted for light
t be needed. However, if
ra%ﬁ%?ﬁﬁ%ﬁ*@ﬂ%mﬂ@@%&?%%%g%ﬁ%gﬂgntS is formed using Ilght
reacti ve deposition, it may be desirable to form

g SR Reed £ AR Pl AR S P todRErr e drmperatures

of therdepdtitiod! adtvRsl ds atifig a%&bﬁﬁ’dté QUfaeé Jo@ét@i@s @ﬁ&ﬁas smoothness and/or
si |'i con/ ger mani um base senrconduc or material

texgirmge ritoane Sibpiratesrbasame Beperpaneatipergpmgf 2% uliineste éﬂ\ece and may be
s r S i nfrared |
selg@{: T Slfe%r cglog;'gl) rﬁ%%ls‘e . ﬁ$ oé)xaﬁ‘ le ant{anspare tlsg%strt]raIel\%an be used to
fort ker fromaqirfané $)f al phoriewttait ¢oll bihe didplay. &b tabditighal Adrh@ifernative
reactants or i ght absorbers can be included and an

embﬂ@mentja@ecs&hst@ée @saerrnwraay @RI @& e SRy ighFs separated at a later
Sta%gecur o?gaégﬁgﬁlasqééa%% str?u@%ggw?or t @5ﬁ¥mnpb

cerpmacglased, suchanndilivh Ighagsesc &)m&mauftaiﬂemﬂstmtéshnd&dé, |fai example, metal
substi tution of r [ r cur rs or silicaon
Sutgt eSSt akbE T 385 MERCE 01 e oS dsigstured for
exdrfple, NGk PRficdie uRBSafns ”Eérﬁ)dﬁzoﬁﬂ'gﬁss réd?l%Q) BIhEseudo-random texturing
silicon/ germani um based sem conduétor, for  exanple, to
withselertad tiggree ofenifewrtextutemr shedike. p-t ype seni conduct ors.
Sui t abl e dopants to form n-type seni conductors
contribute extra electrons, such as phosphorous (P)
Cogipssitiot Of 88itinggnt i nony (Sb) or m xtures thereof. 5

Simlarly, suitable dopants to form p- t%fe ) )
The grrferBratr-eidieht reastive dspesitionsan de upeddo preduse eoasings with a selected

5705 i 5 gL AT B s

carp r:empniseoom: bomofii metatimetidloid elementa rfpinéing si ¢rgstallifSiokgmorphous

nonopch] orosi.l a C1Si H3), chl orosi | ane
mafe@fgmﬁé.ay OpioaL RS “I‘pé’ﬁ’é‘o{‘cgfﬁ onaﬁ%r’aar@.qa%he used fo alter the
chdnBlca RN/ %ygé’aﬁ Y(%Qﬁfes ofield Mg aﬂféoﬁiol‘dh%ﬁ df the dopant(s) into the
tetrachl ori de for aerosol del'ivery. Suit
rea@‘@nqoﬂ@wmmssﬂt in racdlsmbutlofncnf tb&émpﬂne(s) theough ke Qc@shg)matenal
r del

ble b
soff byt b BiFont G néflay L %%1@%@%9111@%6%“%%“

serhidenductoR optednall 2 eth acéeretw@awpaaﬂd (NH4) 2B407 for
aerosol delivery. Suitable P precursors include, for

exanpl e, phosphine 15 (PH3), phosphorous trichloride
In Efetad) coRtABSRARAY SR VIRAOL A6 Eark SIS ALmPRRSRRRY AU II0id, and

metal/metalloid compositions, such as, metal/metalloid oxides, metal/metalloid carbides,

metal/metalloid nitrides, metal/metalloid phosphides, metal/metalloid sulfides,
metal/metalloid tellurides, metal/metalloid selenides, metal/metalloid arsinides, mixtures
thereof, alloys thereof and combinations thereof. Alternatively or additionally, such coating
compositions can be characterized as having the following formula:

A ByCD4EF G HuLJKiLiMmNyO,,
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oxychl oride (POC13) for vapor delivery and phosphoric
acid (H3PO4) for aerosol for aerosl delivery.

Sui table Al precursors include, for exanple, AlH3,
A12H6, al um numchloride (A1Cl13) and the like for
vapor delivery and al um num hydroxychl ori de
(A12(OH) 5CI - H20O for aerosqgl delivery. Suitable Sb
precursors i ncl ude, for exanpl e, SbH3 for vapor

delivery 2 C13_for rosol . delivery. abl e
whereseh Sord Cf? 3? €o Hel Ljﬁiﬁ oYl Harnd Ghis lﬂé‘FH?a entJYf Rgesent or
abs@fftaaiﬂald? leagia&% st ap) % ®rcus Sers, ¥1oN Qﬁ(f 9318 resent and is

del 1 very of I [ um [ nc1 for’ exanpl &,

- indepandently sﬁac(tbm:ﬁc@) theAgsaipi cnnplstangrro£®|lemenm: bﬂdm péroodic table of

exanpl e, As nd d. 3, h ar tabl g for vapor
cleREPis, qPrisng) ‘%@E%ﬁv&]ﬁ%ﬁm? S §%Hpt?r CF’TSEBI clements
(inQL&RY O TantRhidé ghhily r@f@mrgsar@rthélas&h@é fa?ﬂ'lylbf él@ﬁlents), Group
Sui tabl e precursors for the aerosol 25 delivery o

4B| lethents,i GroupddB efementsy Aipip 08 elgmgniss Girupt éBaﬁi@mentar Grpup &B
LR i e R N S R

eleMéATs QG LHUPIIAEEme MR CERIUp FA elBfehtsandeGratip ma@&mabsa Wihd leach a, b,
x 1013 atons per cubic_ centineter n), in further

¢, éndolligdnts] katl, Medstandpy iy independontly sele¢ted @rd stqiphiometrically
0
koot SREh BRIAR0 hERShoARE) shot ARATHSL SR e o

abaaitt olns1@ NBOO, WWG00, riésp®ct0aid0atl 060@D0p aantl Ssyitablensunhd dlereof being

,. the do can | east about 0. 0001 ,
coq(t%rlgfffih hA aﬁ%@ﬂr éem%tﬂﬁgr ampEphous of £o mslﬂor?ﬁ{@geof In
oth@ﬂ@bﬁdsoﬁﬁleléﬁ@ﬁéj&dﬁe&taﬁl yalleth&f Hon2 BRWeriBdit t?cﬂ@%tlﬁf‘ g)ahrihe noble

her enbodi ment s from about 2 ppma to about X
gaSpprm\s diesgelvedohrercm all dmmrgaryc skapDSmGnSt ztre canmmpﬂatd:d as well as all
o B P e Snto LR, S B RO ER V™, B E %t a5, gt imorganic
corﬁﬁcﬁirﬂﬁ'ﬁﬂra&(ﬁ‘ﬁiblﬁﬁtibrﬁftﬁel\&of mxﬁep& hor %Zsﬁﬂﬁcﬂéﬁﬁdlﬁﬁd&[tﬁm group of
VWil e certain people of ordinary skill 5 in the art
COTpReSItPAS, FENNS, SHPEEYE, ahone ardogrikergndthe Idsr t ai n dopant
concentration ranges for n- type and p-type dopants,
this notation is not used herein to avoid possible
Foasdmgapplicaiony of particwiar Bit@bstilesein,| the g’elh&rapziblhtidsa)f light reactive
dopant .concentrations not be unif
deHﬂS&OPu%‘Jt EaPeoh rcbrraaesaoIma H‘%‘%Fg[ s?ner?éltyerrl%rotqqerregf&@e However,
if £pRied ?‘%‘Ptd%wcé Q@ﬁlﬁoh&té‘lsgfoﬁ%@ %Emg NighP R3RLive de §>osmon it may be
concentration gradi ent can be step-w se.
desgprabl¢i @nformacpduegserl‘élca gangeool cedtmgdemnpoatiions. As noted above, a

nci es he.resultin roduct ., Spec
sigfiicit, s 8t thE derGiriER héretd rBARE-EL el hSidigE oo farge area
silibH/gérafdMfin BaflQethidodbctbrongerials. ElbieAt Siliebsl can be formed using
interfaces. 15 Suitable dielectric materials for

a silgnsrspRIrser éSbphieh alsaebsiintrrgd dight fiem @xa@plager to decompose into
eleﬁlel-rfaf Qﬂ/ &’ %néth'gp (%tﬁ+ts rge%ged in the flow a}thouglrlaother nrieactants or
me car niu

‘cons ger mani um Si'I'icdn/ ger
light absorbers can be included and an inert gas can be used as a diluent. Elemental

germanium can be similarly formed with germanium precursors, such as GeH,, substituted
for the silicon precursors, and alloys can be formed with partial substitution of germanium

precursors for silicon precursors.
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metal nitrides, conbinations thereof, or mxtures
thereof. If the dielectric is adjacent a
sem conductor | ayer conprising silicon and/or
germanium it can be convenient to use a
correspondi ng silicon/germani um conposition for the
dielectric. Thus, for a siliépn-based 20 phot ovol t ai c,
it my be desirable to incorporate a silicon oxide, a
silicon njtride, a silicon oxynitride and/or a .
In §PTHeCBRORLMEN e tal dosiobieete MORAPE Mt Of HBore dopants into the
sili%i)ﬂ/%&ﬂﬁhﬁﬁlﬁ-ggsedSs%ﬂ?i&)ﬁﬁgéf&t, gﬁr exatif1 &b Fo P AL s¥ficonductors or
el eCtrodes can be deposited as a layer or a“pattern
p-tywet $einm cemiuotpes. ablitabR5daptantsab domm nitppe semicenduators contribute extra
met al s, .such.as_Al, Ag, .Au,, Ni _and th I ke, .can
clefEofre S FEPHOSOIuS i AR TAsbeaiiiony A Bl ARy thereot
SithAdH D SuitHNY 8HpAR! foYfolR &p@P& QEmALhAEESYs BnRibldéPles, i.e., electron
sem conduct or’ since any alumnumthat mgrates info
vagaheies, esticle e beron dB),| dymmugo il galtiws (Gak indipmt (peor combinations
thé%a%ant to forma better contact. Suitable materials
for'transparent/translucent el ectrodes include, for
exanple, tin oxide and indiumtin oxide. 30 Suitable
materials for a release | ayer can be sel ected based on
Suitahle pfegb@pqsif@gsbmc]pﬁ@ foa%a@@msﬂﬁ@q &iHga} monpghlorosilane (CISiH3),

: i: i 8:\SOL [ 1St rel el i
SRS, Tk Oy USIRRAL TRty IR NEMRESS| AU ponavor
delivery land ssilidoa nsirddhturi dee(REL p forr serddohdeliteayf | Switable Ge precursors
. te rature_ of the adj nt materi s. In_general, .
mOIP_A@E ro?f(aerwéwea@aveaﬁégﬁéf aaCEF feados vaavraﬂ%am wititable boron
pré_cmgpfs meRat | &e esi%ragfe' tBCQQ’Bﬁ%,H?TE%d%eQU%' ;bg:\»apﬁﬂgaéﬁvery and

in the art can select a 'suitable materia
(NHebBéXk dot agresol delivdryr ésiteble R presursetseasled¢, dpe exapfiplerphosphine

I tal 5 si.li I ,Jdt s desirahle. I
iy BENpflorots gt (BYEL ot Ra S Bri R iderpRial BhasBorous
oxwhldidel (POCIY fiér \absodeMesy 4l ghesptvirici acl(HBRPOL) Yt adrbd] for aerosl
silicon is less likely to bead when nelted since

deliesry- e puiatle Adrpreugsoss inalude; Jen sxampleyehlblar Ahble alumiiugh chloride
i . | | o
RIS B RIS A6 AR RO B[O 0

forsietdsolbodelivegh Siithble b pradutrs (nSIudX, fox €@gmpld,BHHrfor vapor delivery
ial synthesis in .a reactive flow, suitable oxygen
and Sl & fiﬁﬁ%’gptééw%r&és@a rEcursqys forNpEgon cliyghe kA dnclude,
fort 8@, .GANd asd! _bﬁi?a%Ieﬁgféh&JsQ&efar %%E&_ecfeli'v&gy' b gauixfnﬁ lnclude, for
exanpl e, amonia (NH3), N2 and conbi nati ons Thereof.
exaphle,r gatlgan aftrato (PadiQs):p ndrseni pratireorpiindiudel faghexample, AsH; and

AsfEsneC R RAr B b PRy %58 Ao armith 5 TR, R eroso
precisbridélivérelin adueousdt ialdoBEl sdPeiiR. natablkOprleirbdit ifon tHYaerosol

Reactive L e
delivery of indium include, for example, indium sulfate and indium trichloride.

Dopant concentrations can be selected to yield desired properties. In some embodiments,
the average dopant concentrations can be at least about 1 x 10" atoms per cubic
centimeter (cm®), in further embodiments, at least about 1 x 10" atoms/cm’, in other
embodiments at least about 1 x 10'° atoms/cm® and in further embodiments 1 x 10" to
about 5 x 10”' atoms/cm®. With respect to atomic parts per million (ppma), the dopant can

be at least about 0.0001 ppma, in further embodiments at least about 0.01 ppma, in
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Deposition,"” incorporated herein by reference. Coating
Properties Light reactive deposition is a versatile
approach for the high rate formation of high quality
20 coatings. The coating properties can be consi dered
as deposited and/or after post-deposition processing.
If nmultiple |layers are depos3ted using light reactive
deposition, there may or nay ~ not be additional

r.0 bet ween th sition af sub e uent
oG STRORHm Glvey SoPUt  PAErAnE ah i RO Gy Fomrbout 2
ppﬁlQQO debst 1 % RfS ﬁ)nﬁ)c?r Al ?&E@H of Qﬁ@ﬁary Iskinf ﬂlethgoa%t {vﬂg rdcdgnize that

deposited with relatively large densit
additandln gangeﬁn erfa Idloyam asonpentnatrons awitbirabhe | et)gphcnvh rdnges appve are

nt en rel eas a .can, be : :

conFhBlaledtane ¢ SABGLP Beroty FTheuitl i€ SRS pegle of orcinary skill
in RGAAREGA! n+8tRbhdd S+ tolNRighartdeRsin dopBntRAnEQHABEN Yir %Bs for n-

smooth surfaces and a hi gh degree of uniformity bot
typgcand Pstyae p‘ap%ntwhlarnowaﬂuﬁ gotagsedudiereimty roidupessible ambiguities or
nu%ﬁﬁ&e ﬁg on different substrates perfornmed under

qui val eént conditions. These properties provide for
the formati on of useful large surface area structures

as well as multiple l.ayers of large area structures.

In ggnerd, theedopant Gongantratjopsmay Or éfﬁf’ddtorﬁ beugifpply distrifuted through a
Cc
layPBF bl BI o bhnBaifidC HefCRAPRALAA @@ageédrgeﬁﬁatlon A
gracipant cagbé stepwabelabech a gladient eart be tdie:tédJiol )yeldeh:sméhle dfficiencies
ter al of the onpasi ti on. r coa ing

in G SR PTORYR SRt SIeCHeaLs ok SVESST PALATICRuGAD b useful
for el @ing/8edRBA1d94s Of sufacEDUn@ ihidARclbout 0. 65, in

further enbodi ments from about 0.10 to about 0.6, and

in other embodiments fromabout 0.2 to about 0.5. In
Sugﬁﬁg r ?le’lec{rg}i hrga%glﬂﬁ:(fgf a%:*pq]%%r?alt S}%ph%%t(leo 3 Br?cg@ eI V&or example,
sﬂl@bxlil/gém&ﬂbﬁﬁi’hmlt@mde’s tshiRon/fgangalieh/mdtgncabided, ﬁhc?onll germanium/

eé?gout in some enbodi nents from about O,
Juifrides, @@mbawawpﬁ therealner maHsaithersels 1ithe ﬁleelmrge( adjacent a

sexﬁ{ggﬁlﬁmqﬁ & c%gllphgln%%&gonoangﬁ)r Mﬂl&lﬂn it Qan b gh@&ﬁ%t to use a

in the ar recogni z at ad itronal rang

comwﬂphndmg bmsen/gpxmanium compgn"s?omfor tleoditlectgicd dhss, tfyr amhcon-based
cont.enpl.at ed n the giesent di s¢j.osur.e,

d .ar
PhGBURIEE dGE6 D8 Jeoh A iSsnEaTBAekh ST G P HOBeh S SR eAFidgg? silicon
oxWﬁr[Hea%HQ%' gat@ldint Rerbs@MBasdensdibcdR ! |tl¥e silicon-based
densified material. Regardless of the density of the
serigpndugtoras- deposi t ed coating, during post processing
the density can be increased as desired to a sel ected
value fromthe initial density to the full density.

'Suifﬂﬂe dediictiye efectrbdesdan$@ depadited Gis GAlAydreoray patiead @athiy an overall

i ght.i ng the substrate before and after coating and

Strklﬁfvedulﬁ garticelapanefals, Biphepdlverude . Niraddbalikagan bs deposited
as gg@r‘idurclgvé Hla&lﬁgﬁ Sﬁlu‘ﬁﬂﬂlﬂg ZA Vc%h l’é%tcggvéﬁ‘?énﬂg d%i}@s”t'éh rag_]acent a p-type

el ectron mecr oscopy rease
semiconductor since any aluminum that migrates into the semiconductor layer contributes

as a p-type dopant to form a better contact. Suitable materials for transparent/translucent

electrodes include, for example, tin oxide and indium tin oxide.

Suitable materials for a release layer can be selected based on the properties of the

adjacent materials. In particular, in some embodiments, the release layer is formed from a
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density may or may not be associated with a neasurable
porosity of the surface. Porosity can also be

eval uat ed using scanning electron m croscopy (SEM. To
obtain particul ar objectives, the features of a
coating can be varied with respect to 20 conposition
of layers of the coating as Il as | ocation of
materials on the substrate. " Generally, to forma

dev ce the coating . material can be localized to a
it dr PIRIER (TSHPB PO & %ttfaé'tS’élonltﬁmé’S’a’lt‘FFo‘il?an the flow

nm&éthrrel & th@mfaéer@fmé%&%lg NG, FBL&41 Bgsee% e M@@?@fgﬁe%ﬁ materials
i'n a control 'ed fashion to“form layers with different
avaglehlsowith ilightsrea@ivei deavpslypn,tmpens«nabf ngilmmm skidl imettie agt can select a
or. . diff of th

.uni f t hi.ck
suitile. Faliral cSin e cSleath e, T dPorReh tont TOBREHPLR s glemental

siliebn F9at, it19 dBaBlel tdlselebll Ifa?érQH& r@@@ﬁl‘yrigleﬁ?és(ﬂﬁé‘ ﬁﬁ:ﬁﬁfg t@ﬁhﬁerature
be applled such as by var the Sweep speed of

of gilipt hudtatsorvedtsimolien gigcerhgo atr ﬁ@ﬂr@om l§212$5é1keb§/t0rh§|'fld n@en melted
s1n?§léné)llt§11é glélC?I\h/\lg eFe?%ﬂc}{a% ¥ ' onfur ce en@PEU%Pﬁg? Iﬁgtepgk? é?r a release
laytoforextusal iicludé, tbr &a‘i’f@ﬂ& sﬂN@ﬂrrﬁ&RiféE(SuNQ)r ort diBcceHEF §ili¥éh oxide
deposition of coating material are described above.
(i t*v2hat i vel y or additionally, a |ayer can be
contoured by etching or the 30 like follow ng
deposition. 56 Thus, layers of materials, as
Fodammriab eyht]msiseinm remat;ivec ﬂnw[ bmmbtfaoxygenlsaurcbay&ima fatexample,
v.e the nar,_extent as other

yer
0.8k Batigh dh A for an%va‘ala\férrog%scéﬁ‘qur@cﬁde for example,
am%ib*ﬂ%i LS, RYAL P& hatfors Qﬁé?@off MRl aRgk 6#1&{&;%1&%& laGailable with
ot her | ayers cover a smaller fraction of
llgbtubswtwatCEpsmmramedescmbetdhﬁlsthmyl, CQphedlhgﬂaéSsPatan Applivation serial

w5, PIaTBAS LPER 150 65 D ARLCR L Eb AR b meseie

Depdsmmrg'hukh@oﬁdtédmdreim@ rBRyenceveal a different nunber
of identifiable |ayers than at another point along the
surface. Light reactive deposition can be used to form
CobdLBrob @ikl Ngs. However, the approach has advantages
hi gh quali ty coatings for applications in
Lighh 'reabtimd@ppnmp Is aveasatabpprgach for t}hlmgnmsesfolrmatlon of hlgh quality

ener I noderate or snall %ﬂ E‘?{é
cogungs. ) H%prggergﬁi)? (‘é)p%ld A% & Efrré’dt deposition
pro@€dsiRgN ‘I’f Iﬁuiuﬁfe 1hferd 48 dBFRIEL LB Nighk ?é&@tnberﬁeﬁ@élﬁ&h ke may or may

structure has a nmaxi mum surface area. For sone
notdpmddmanalmessurmebqt\mﬂmthgéemmen af a $ubstquentdayern Thegorosity of a

an re, t han about 0 t her )
s G oA PR o7 Bl SR A o R et Py gt Sted vin o
rel &lyMafdeOdtmsity, ﬂh@d@ﬁtﬁlg%ﬁbraﬂfﬁth@ﬁ ifeelMnscal Brabifligy, VAIRESOme layers
from about 5 15 nanoneters to about 100 m crons and in

intgnded Awreleanp ByFrrEm Be PHPetdillvadrpetitey to havn ralsbviely smell mechanical
staﬂs]i%ﬂ{? lnﬁ"lfe %Iliegg c%’ By ?rﬁ1%d %ﬁ{ SMboth ﬁrpagésszglg C?C]{ng? El%rgé‘&fyumfonmty

recogni ze
both amegey a;ﬁ)ammﬂdm d@amrtmewc&b@[slbeﬁwden rcaatigs o diffesand sueigatss performed
re contenp %t ed and are
under equ1va1ent conditions. ese properties provide for the formation of useful large
surface area structures as well as multiple layers of large area structures. While the coatings
can be smooth, texture with controlled properties can correspondingly be designed into the

coating.



10

15

20

25

30

enconpassed within the present disclosure. 20 The

approaches descri bed herein provide for the formation

of coating layers that have very high uniformty

within a |layer and between | ayers formed under

equi val ent conditions. Thicknesses of a coating |ayer

can be neasured, for exanple..wth an SEM anal ysis

can be performed on a cross section, for exanple, at

abaut 10 points along a firs di rectjon_and ahout 10
Thﬁaglﬁ?%e RN Q¥ f‘t?@atﬁ}érlﬁéﬁﬂ}l%‘; gratyerie dhg By dFH%g%‘tH}aﬁ&él of the
sardf Gorposifis dabe cgﬁﬁig?tdeﬁ&it@@'%iﬁlelo%} YehGks! Pﬁr%(tiﬁgé gan have a

measurements. In eval uating thickness and
relgfinerdensityt of nofmere dhwatabongt 0.6y ey furtheramebodamdnitfizdre abdneiidl O to about

| o the e .ca e cl d.. In_ so enbadi nent s, )
0§50 S FGRD: o BO% 02 T ik A5 0 shnetel et Y coating
cahive 2v8laBiv€adensity irPthe Mngk@P6t at 3QRULb0RD0.85URbfher embodiments in the
centineters can be in the range(s) of |ess than about

rangg(s) foay &yt 0.7 o gbaws 0. 9nivowimeeembodinaents frmrabaiidi75 ® about 0.98

i Iy I [ t f ahou 51to
o905 SR R SGIRRT Rk L RR 0055, A Boon o
ordifary Rkillav elicage will rechprhiek thas sddindeRfg@ Withifi @esé ¥peeffic ranges of

substrates coated under equivalent conditions can be _
cogtingsdensiiy Are; seniemplated adowe within dhe eresenibdisslomsr s Light sreactive

depRadnARAorm cmd%ﬁ%éngoaﬁ]flg with faﬂ;kbﬁﬁ{atelgﬁ r{lge? dife Ql%r?sity%n}he fully

about 0.1 to abou rons. perso or di nar
dewgdifi¢d matariglh Regardless bf the densitynifakee initial asdepobitednmbating, during post

deviatjons in thjckness within a |layer and between, . .
the fenity 1 s s s Cregeado WS%flﬁ?t?ﬁa Yfﬁw_ée EpItheinjtal density
to HRNEMSIEABIBY © TRE VeAHYt SIMRL AleRt SAngIcEn Bk leRhINatbd By weighting the

PIYsYPEIEs
present disclosure. "I n some enbodi nents, very |ow
subsstratededore gag Haftes sodting aad diividimgctbatwerght byi thé volunwi ofhthatcoating.

' 3 i on, .0 rate can he achi eved. For .
CoEE AR, o R Bt BBE S5er iR, QB eombry deprease n
dettiditg thworstby A6tebd Sudgdiates svithal mesut®ECpirbes dFah@Varface. Porosity

reflect the unjformty of the surface roughness that
canyal3p Brevalysted paime seanguig eleson mierpseeRY (iMhness i s
eval uated generally with respect to a specific area of

the surface for conparison. Different techniques nmay

Tobebtarpartoulaardbyecsives; el faatur¢éshef evahting ican befvasied fwdtherespect to

roughnes over.particul ar areas . due to .tine.and
coPBEFa PHIESStele sosfing 2 AL A decafipn of greleials on the substrate.
GeRerall P36 %6th 4 EWke SRRoRMUSSENL Qal b8 8LaTiRdB0 A QR WBR Tocation on
square surface roughness over an approxi mate 20

therfubstesie. Hy addition, ongplalayarsoff ceatiigimeatersal ean hehdepbsited in a controlled
r herein.as RAFM A sui.aQ%ﬁ M i nstrunment
faslfnﬁ)]éﬁé nggl’l t1;33/8rrs \gl)?% @blfeée’nt ézoap8§1@ S. I%‘E\l_ %Eﬁﬁ? é:o{}gl&n(iagebe made a
uniffarrb aliekne§s) orMiiditenNPOARMO R the ibstidié R@n the coated with different
_technlqges descri bed herein, RAFM val ues
thicknesses of coating material. Different coating thicknesses can be applied such as by
varying the sweep speed of the substrate relative to the particle nozzle, by making multiple
sweeps of portions of the substrate that receive a thicker coating or by patterning the layer,
for example, with a mask. Approaches for the selective deposition of coating material are

described above. Altemnatively or additionally, a layer can be contoured by etchiﬁg or the

like following deposition.
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and simlarly average roughness val ues (Ra) can be
obtained in the ranges of no nore than 20 about 0.5
nanonmeters (nm, and in other enbodinments in the
ranges fromabout 0.1 nmto about 0.3 rim
Interferonetry can be used to obtain surface roughness
nmeasurenents over | arger argas, such as 480 m crons x
736 microns. An interferonetric profiler is an optical

non- cont act t.echni que .t hat can neasure surface
Thyp dfeFed stmss%gﬁ%ﬂ&eé?n’; Bay meﬂ%&?@l?@@aha@gr.s thet do not
havthé 8dh@plaiir@kieRt A Ghdri18yel. Of drl REmPR! {Endliagrt #ay:h98ahe entire

processing to 25 obtain 'surface profile nmeasurefent is
substritg lgerfaceror @darge dhéticarthéreaimNibeatber lagtrs covena smiker. fraction of the

Wodbuyry, . Usi light reactive dense deposition,
sotf 8 Stk o i oY PR s ot R G OHS TSR dRACH! At amy
paréBdarSpdit! abslghthd Q@naa\éﬁfnss@ﬁ@, 8 tuctishd vieWGhdies $hd ftrbtuPds8hay reveal
480 mcrons x 736 mcrons can be obtained in the
a differend sugberrd ideptiGable lepera Brntat awothanpaing alopg thersutfege.
enbodi nents fromabout 1 nmto about 5 nm A person of
ordinary skill in the art will 30 recognize that
Lighd edatiianadposiciog €sn b€ usedr foafofm rthidk leostafs WHIWevet, Miie approach has
explicjt ranges are_ contenplated and are within the )
ad\@pgg%sntlpr raangdugh gualifgcoatings fpéganypgtfp@s #inyyhish an appropriate coating
: act ekl i - h0-.paa [ . Th
GBS, ST, it BRI BAZ K, B RERingl B by formed as
appropriate. 1 T hidknessnis , méasurfed rgenmendentao do riea peojéatiom plateoint which the
mto about 7.5 mcraons and in furt hﬁr err.bodLmsnt

250 tﬁl
StUCRER Db DB AFARS A ST SERGARAIGHENS e Sopes have a thickness
in BERRGEREM > mbREhAVAHAIR08 nABRNL in %ﬂféﬁ%b&ﬁﬂeﬁt@,ﬂﬁ fhe range(s) of

fromabout 5 30 to about 60 degrees and in further
no arise thameabout $Qomicirsuin ddlitienabbwbediBEntd ey tleesnge(Thfem about 5
e C m from.an exam nat i f
rarf TR T RECREAE! Ao PR R ARCERU0 o about 100
narfo@ieka tfbauk G0 maitionsKiA perbdh bherdafaty Wkill lin HRCQERMIIKZ @ecognize that
‘hat _additional ranges. of texture paraneters within
addifignal gaee(s) (ihith isse SRRl wpgesc it avhsnece dra pentepplated and are

enamppfa;sedwmrp&l@g&@émmsasé gure. 10 Due to the very high

deposition rate conbined with the high coating
uniformty with light reactive deposition, |arge

substrates, ca ef.fecti.yel oated. Wth |arger
g sapechisr dengrbd rn eVt IR BRpernaien ehroedasurs dha have
verdd highOQRifeHmifi hithith € PARS €mdObeftRn SIDSL " Afrfiell NRI48 Nequivalent
the product stream Specifically, a single pass can be
congsieansi fThigknessgh of raatinglayetuepn §e measibedsiforeexantpde; witlean SEM
anaisl’i/’grlsg %ar%nt?egpzelr%n%gd BH% c?fss%écg{ongmyoggex%tgs% %tgar OﬁLg(ﬂH‘?lhE along a first

appr oxi mate

dirsatioat 4t @boldV t(h patitd iaploss RS pefpendidtlab Widetticd. € Tise average and
noved relative to the nozzle in a direction oriented
stapdagth devipgonsamhe Qhtaingdeframhese speasuremgats. jIp eyauating thickness and

thickness uniformity of a coating layer, a one centimeter band along the edge can be

excluded.

In some embodiments, one standard deviation of the thickness on a substrate with an area
of at least about 25 square centimeters can be in the range(s) of less than about 10
microns, in other embodiments less than about 5 microns and in further embodiments

from about 0.5 to about 2.5 microns. In addition, the standard deviation of the average
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straightforward to coat substrates in sonme enbodi nents
wth a wwdth of at | east about 20 centinmeters, in

ot her enbodi nents at | east about 25 cm in additional

enmbodi nents from 20 about 30 cmto about 2 neters, in
further enbodi nents no nore than about 1.5 neters and
in some enbodi nents no rmreff an 1 neters. A person of
ordinary skill in the art w recogni ze that

ddi t | anal dths within_ these licit
ifiess beRPen B BRTBHY LCLRToltn JOPE U IFoR VElra s can be les
thel %u@slgrrﬁlcm%@ irﬁotﬁ%n%%dmlfeﬁfs 1€§%ntY1§1'i‘ 1286%Es nlib@nt GRALN further
is dlstlngU|shedfromt e wdth a substrate In

embledimentsy frery abpret b ahegt %m;@@ss, Atmesogmf@gmmre skidl in the art will
d ] I th
Y AT Y A -

diffidrat, substeatell WwithiAGhé expliviyrafgesiyve BRL codenisihteldl GHH AFd Within the
rel evant for a particular substrate. The length is

presentedisglosyreonl y linited by the ability to support the
substrate for coating. Thus, |engths can be at | east
as |large as 30 about 10 nmeters, in some enbodi ments

In sommeatbodimekis, ot wabirtice You@inesssfor ianddne¢ thdting, with or without

iments fromabout 30 cmto about 4 neters and. in
Coaggaﬁq%aqn énﬂ%&‘i@fﬁrﬁa‘é b rhiewso utFoxoebrdigents gigt which surface
texXTRiRY) 35 ARsiRQT SAP 186 QN @ldaarohofifds | valtkst H@sc@f)ed VMeich reflect the

recogni ze that 59 additionalf ranges of strat
unifermftyhef the tstiifacetrheglmessibhi cintberawhipred Hidesicaht S!mrgﬁdcatrewghness is

are wi.thin,the sent di.scl osur a.result of
evilfiteg Uebrhy o ekl 38 0 snll i 1Req ¥ e quiiaRe i ceomparison.
DiffeRgt Rhnigh® HERbehartrcubdIsidiRl SBr GRNeVAMBioN VT YsulfBEDfoughness
surface areas. |In particular, substrates sheets can

overaparticular fazess dieetestioe and FesalytionHswves. 901®orsq>gmrée atomic force

mlgl‘g)gédlpﬁmf) éag%%)um& e%%n%: I'O%EET? gl’lgg g Slﬁl’?gcr% rg%%glmtess OoVver an

approRinater20 tmicamohit 2@ nSigtoarfea oA Qtisstlate? whadiisi ﬂéfdﬁeﬁ&b herein as
enbodi menﬁs from about 2500 cnR to about 5 nR2. Wth
Raphe A giifabe G FM ipssmephineludes. lof ¢xagplenadighal Instryments (Santa

Baf*’garél G@J RRAE N&SEap e@w 'U@fnthé Wcﬁﬁﬁﬁe@&e@@ﬁoe‘aeﬁere‘ig S, values

nmbi ned with partlcu ar | hin structures. In
anda nmhlrlmtslsge tdughhess g'elussu(Raiaca beaoteained irutht vangss ofumo more than

veathl of ., no re th bout a m i neter
b 53 Rartomeeth BRRn at B Ter Spto B e 2 s ot o AL 0.1 nm to
about 03Ikt iTAeAbrofERg(Ha BB luSed ¥ JHR4iR stk ro §s h@4urements over
m crons and in further enbodi ments from about 5

larggrearepsssuch ag ¥e migongrk 7B 6 mEcrong\ eerlsf@rfe@mﬁn@pm@ﬂqr is an optical
noﬁ-?bllxt]act 'Pech& ugrtil clnll 0’5?‘}15 sur“:f'acteh‘r%l q%%ggsltst 812113'6}1#; 8? meter to

Fface drea NESS W

millangasscalzoy ea aﬁﬂablé)nﬁtelffﬂbﬁieﬁfb prodilen@ing digital iBgal processing to
resent disclosure. Wile these thi n | arge area

i1 e tage eoflamepireraentata W ke ssriespiglesromVepsoalnstruments Inc.
%Béﬁu ’ame\?bog{s?r‘%{h?gtt a'i:ﬁvsj: 'dgme ﬁ@ﬁo‘éhio‘ﬁe r8GPARL | saﬂare surface

N SO ere
roughness (Rms) values and similarly the average surface roughness (R,) over 480 microns

x 736 microns can be obtained in the ranges of no more than about 10 nm and in further
embodiments from about 1 nm to about 5 nm. A person of ordinary skill in the art will
recognize that additional ranges of surface roughness within the explicit ranges are

contemplated and are within the present disclosure.
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particular interest in thin silicon/germni umbased
sem conductor materials with or wthout dopants. 20
The properties of the sheet as a sem conducti ng
material can be described in ternms of mnority
carrier diffusion length and carrier nobility. For
phot ovol tai c applications, t presence of a |larger
mnority carrier diffusion l'ength correlates with a

sl ower  reconbj nation rate and a corr ond| her
Th s b7 BF ChHEBRGLOTGh carek CepPak Gnice. ( Npgviigee peak-to-
pead@&lsfaaéé 8arl Be TAME aBol T hinYtoCRY hh&ﬁnyllﬁffdﬁh&nerhm&ts from
for the silicon/germni um based sem donduct or sheet

abaft 280 nmedetabaltolid BBrams andns fartberi emadimengs from about 500 nm to

odi nents at | east,. about 70 mn cr.ons rson of
b TR Bt Fimt FAPHAERE: (e PEEUGRT o6 PR Faze from abou
30 a8l dbbutostaliegréaan@@sin Fhrtharn@hbddmemE Hiodd abbht f40StoQibout 50 degrees.
| ength are contenplated and are within the present

Theresparerseters. cannbq detpranised fiemaen rewn@atrlcm ef thei furiass with scanning
elel:t?m['rnfrﬁl nl ? ?E]t%hﬂ%g (ﬁn dln@)g taﬁow}lpr%c%gl}lze that additional

crys al nin

rangee bAgXhae Mﬁtaﬁhéter’s evighiz ehe Gfbhcﬁhang’eslmfolvé Ve a’ﬁrftd:rﬁplated and are
lffu3|on th can be correlated with carrier
wighiny FPﬁ?e ‘§u“’N|nor|ty carrier lifetines can be

nmeasur ed MAth a charge coupl ed canera operating in the
infrared portions of the spectrumthat is used to
Dumﬂwr\e:rjf hfghaiepdsiﬁorammtmbined wlithttlmehigh aogting, uttifogrhity with light

resol ut| ans f t he can be .o
reagiiRostiRn BREs e o S ridy S8 eonted” ek MR widdhs of the
subsfriteOthedbétitté 8drek ERSRY wAR Gné of AR E pakesEHhE mfrﬁte through
to obtain a resolution down to 30 m crons across the

ﬂlesmpqilmt stredm; [ppeg@nlboadingle passean beaised ifthe sehistratei i moughly no

;‘/dé&rgtzle luag\nl%eﬁ%zcggﬁ %gto udilq}igtr}ﬁl: Bg)élgptpﬁlle%:?qu F%pd'oximately as

widd oragideg thmmtthoshbistate) aveh a{dltyplé pasky ekt subaisate eambledfelative to
m nority qﬂrrler densities and lifetipes: Measurenent

thepPPERls fPe? oHEPCHPR sereatRsh ploagi Bifs Widthnebihso rSH‘l’Sé’@telO Thus, it is
strangﬁt?drﬂ/af&’ td &faf Elﬁﬁﬁgﬁes M séthd %:ﬁl‘c)ﬁdlméngql/l@? & Rihditoreh lé%'st about 20

drscusses the calculation o ort- circuit curren
cersimabte.em- cﬁhﬂo&nmhodwobntagelebasxbdumﬁ uaamdzelummalsembodments from

obi ab sl Pt § Fetes o EdioD FERHO PO o oy 5 meters and
in &8¢ eMbodiaithey R ERr&Mn Exﬂlbﬁksl | AMper®mldY oldin8ry28@® in the art will

Barcel ona, Spain, entitled "Predicting Miulti -
recognige shat jadditignali renges Sy widthsevithipshesrerplieit Finges @srqontamplated

an£§£§+pg?katlg§:tdwagaﬁﬁorated 15 herein by reference.

e Ve roach for contact-less estimation of
char ge-current perfornance of silicon material is
descrihed in Trupke et al., Applied Physics Letters

In genepas by opyermence, tetlepgthds dguﬁgulﬁwétmrn e addtBrfe substrate in
thapgﬁ‘ﬁ% [ﬂe%ﬁhﬁ?bﬁ) Qgs,nﬁl'é'sggstpafte is generally moved relative to its length and

not relative to its width. With this general principle in mind, the distinction may or may
not be particularly relevant for a particular substrate. The length is generally only limited
by the ability to support the substrate for coating. Thus, lengths can be at least as large as
about 10 meters, in some embodiments from about 10 cm to about 5 meters, in further
embodiments from about 30 cm to about 4 meters and in additional embodiments from

about 40 nm to about 2 meters. A person of ordinary skill in the art will recognize that
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current-vol tage characteristics of silicon wafers,”

i ncorporated herein by reference. The processes in

the Trupke article can be generalized for spatia

resol ution across the 20 sem conductor surface.

Carrier nmobility is a significant paraneter for

sem conduct or perfornmance ing.electronics

appl i cations. For the sem conductor sheets descri bed
the electro ilities can . he at |east aboyt

b
adggérf?}é?wes o6 PV EEHo BB JHIHE Rhese APl anEEs B copymplated and

are%ﬁ?/%le?}gsehf‘d@&lbﬁire.% enbodi ments at | east about 20
CNYNs. person of ordinary skill in the art wil

recognize that additional ranges of carrier nDbiIity

e es above .are contenpl ate and
Asgd 1R i BB o “mt SHBUER E PRQHTONS nd deteththe coated
sub¥Rbiel ichy hhog v&gm ggwaupice rar&@NPinePartidulard Q864tHaRRshef @/ can have
exanple, in U tent 5,966,019 to Borden entitled
surfaop res ofradl lodst plosnt 906 rsqwas;gntumgtersr(@pe} tif e_fsﬂlw embodiments, at
leﬁeﬂoﬁp P&}d)céng{ %)cﬁﬂg aa}l% ART il Catbloop 16d0°& crh2 Aut L ¢ square
Pncor porat ed’ hefern by Pe refnce. Fncorpora i

meiﬁpﬁiﬂ) At i@ @h&eﬁhb@ﬂdiéﬁttscﬁorhaa%eﬁt ,WUU émt ke about 5 m?. With the
nposi tions can be sel ected during dep03|t|on by

abl&ﬁptpém thin tyuctvres Buoreghrige ups elcanekedpaslayer therlprge surface areas can

be ch%BéagH twﬁﬁ %hlfa% R dbubhfesP’ RY y(ﬁ“xtléh gﬁboﬁh{eﬁ{sn "fﬁel f‘é?éey surface
or additi on conposition,

aregi $trucomésg earmsham f: 3 ltiasleﬂess @iffi i mohare tthin aballit b_anﬂhﬁhlefdr,em other

oss. the 5 entir or selected porti.on
empRUREBTS HOmPE] Ay a 5%??3@18 TOP ’c‘h%iedll%%f’é} Embegipieptssncppore than
abdu 800 hAvBhs &RNn'BHREr dnfboafhddt9RemAlbRRYs hh@roﬁé(m%ﬁt S microns.
the coating surface and/or portions of the |ayer
A pmcuwfe@rdmaﬂihéﬂﬂnm ithie arawiilb meavznizh ghat adpitionsli ranges of surface area
ancgglaqmgésls%gﬁ e ex rlg{g gag ! g?gb V\\/Aetfge %‘gﬁhnﬁé }e ’(e)m ﬁl‘[ee %phi%?eepresent

dlsamdmréymgmahew&nh&wg&mbmramahwehd& fohed @¥tBla raggedof materials
conposi tion nPr|S|n the desired el enent. The

thak 30 s TRAVGSS. iR Aighl eV depesilie esame cmpodimants there is
pal%'éhltaf qgtefe@frgﬁ r @ rsﬁlct)ﬁ/lg!eﬁll‘feﬁﬁlﬂgrb%e% 506 ShARY ol ls with or

sem conduct or nate atterning approac
\mﬁmmuhmmMSed to incorporate the elenents, such as
dopants, into a portion of the layer. 15 The
nodi fying el enent, e.g., a dopant(s)/additive(s), can

Th@‘:f)rd)ﬂ&ﬁé%dd{%g sh@étoasaa §§hi%6ﬁ(ﬁfétm§%&ttér9ﬂ @h Heh@eskﬁ%%r inP¥%rms of

sél ectively contacting the conpoésition with only a
mlmtmcemeofdlftﬁkseon lepeth andsdammer goodhitityo nF drgrhotavolfaigrapphieations, the

prqs%ncg . ﬁ‘ gg%tr Ic:%lel():{'légr Sa?%%rl ; 1@261' | ylgﬂ%ﬂpogrrela es w1t£1 a slower
reco@bitRtibh el@hnd £8brBdspbisdiflg highéer @f’ﬁtn%ﬂéy 6f thE PES6 G108 cdlD Thus, it

is (E)flzs?rg‘tifle to have a minority carrier diffusion length for the silicon/germanium-based
semiconductor sheet of at least about 30 microns and in further embodiments at least
about 70 microns. A person of ordinary skill in the art will recognize that additional
ranges of minority carrier diffusion length are contemplated and are within the present
disclosure. An increased minority carrier diffusion length can be obtained by improving

the crystallinity of the material and obtaining a larger average crystallite size.
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20 mgration of the nodifying elenment into the nasked
regions. Referring to an enbodinent in Fig. 19, |ayer
600 can be in contact with nask 602 confini ng contact
of a nodifying conposition with the layer to an area
uncovered by the mask. Then, the coating is doped in
un- masked portions. Masking nerally is selected to
formdesired structures within the Iayer Mul tiple

Tth dﬁ,gldl fogl n%@%eg- &@q:s%rht grgperég eggtgll'r ]ateé Wgﬁeqmrb%l | 2a ft lcl)feglpne values.

Mlﬁbﬁl?rdaﬁgertlﬁ@arﬂ@ss&h% REWRARVHER ORdrkd thhp?é(p&ngra bp&ating in the
different nodifying elenments. The nhodi fying

infraserh peitions s the smwmnthattlhes@bfo teasupe infrared pmnanesion of the

sargfpy difeh ISR ORT L PHGRG] PR BLPAACE HACk bt ot article by

IsefB&rk| il t REETH A URS usd DL &K %ﬁré@%éﬂﬁﬂ@é‘ c6ithd?@al 86D camera to
achieved usi ng conventi onal prlntlwg apFroaches with
aeg;0

obtajrea msgbion dapodP BOIRISTARS iaAp ST eyr thik semigendiretor material.
\ u l.an ng_ a ; )
Thg%ﬁta{?&?lf& th‘é"jlé‘er@%g zfr?gleai 9 err]l‘é‘lf égﬁ% g&ggg sg%ssgg{ﬁg%s 4275 (1
Aptit 29080 dﬂaﬂé&? I"Imefglﬂrig:iﬂeﬁﬁ)aﬂ for Nkterailly weslvéd thdaOgamenst minority
in which the 62 functional inks deliver the sel ect ed
cargighensitics ghd isrtimsai Myasuremens arinpiglecanddast appgations,” incorporated
heéhm,# fo¥ncdt AR arRild BY (GG d RRRG A% %ifsdlgc%@seg ThIZAE1aRHCEF short-
as set printing, gravure printing the I1ke.
cirqiiecursent ahd dpgrediraiif vcﬂag@abamdmremeahusqmmnmedf canrier lifetimes. The

N NI LN T TR N -

CoRRRP&ENRMINE BRAMYicH 8N@ June 2004, Bbd1OHh, %Pﬁlh,aéntméﬁbﬁfedlctmg Multi-
60/ 878,239 to Hiéslmair et al., entitled "Doped

Croitaljiee Silines Soler CeHl dbmqerfEnonD@prrmg IBensity dndiges, ‘b incorporated
her%(%&f:e?%rgr\?/cée gl?errﬁ) g{v ta?ﬁré)agﬂ(; ﬁo,éos' ct legseersﬁmg ion 'g‘fc’ charge-current

peifoienpe roﬂsﬂd:oh ﬂhﬁleﬁdﬂ is Fddstrﬂiddymd’(:‘ﬂ@ke efmat. e Aipplied PheUEN Letters
' rocess_in which the coating is heated near

a heatin
87&993%1%\)(88@1{))5 snifled ngoung-phetolymingseersen eF antastiess odatergrination of
e
o B SR Plas Ry LR e WA LEAARARL HORin b referepec, The
pro_cnsses portht e’Etupkrt articls lvah | wgziomaizet foh Spatnait resgjution across the
thro é¥1 a laser drive in. For exanple, a high power
SCNIEERIICLY FUHRSul sed to nelt a localized region of the
coating near its surface. The dopant or other
modi fying el ement/conposition then diffuses into the .
Capregriraebilitynig .2 Sigraficang pafameserefor dﬂnmenduq:tqrqaerfonmr_ms in electronics
ap}ghcakl%rg ngc?rg t%g esgnglg:l% %tc%ﬁljfgtétdegcn%eg 816 eﬂrgt ﬁ% gie%:t%r? mobilities can
be f WdstSdbotas cpAVBNin RpPEl &Bbodimestsat BastibFREI0 cm?/ Vs and in other
60/ 902, 006 to Hleslnair et al. filed on February 16,
embodimenisat ilgasicabout b ey ¥p+ A Rerwom af ondiparytsisilbia, theset siill recognize
r
thaIE> g@cg ﬁna@?&rgefgf; (geagxggr%gddﬂﬁr ﬁ}ﬁﬁ?ﬁesﬁ%ﬁg?s dbggcg éri‘%%lcjgtteﬁq‘glated and are
w1ﬁ1ppﬁ1@€pci:dfseﬁt dislosurd. r Exvhiliitiog oﬁ caridt fpbilgy Eresmidondmiter samples is
| ayer can be

described, for example, in U.S. Patent 5,966,019 to Borden, entitled "System and Method
for Measuring Properties of a Semiconductor Substrate in a Fabrication Line,"

incorporated herein by reference.
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conbi ned for’ the introduction of one or nore nodifying
el ements into a |ayer. For exanple, a particul ar
nodi fyi ng el enent can be introduced using a plurality
of techniques to achieve desired |evels of nodifying
el ement and/or distributions of nodifying el ement

wthin the layer. In additiqgn, for the deposition of a
plurality of nodifying elenments, each 25 nodifying
Inelenent A .be de ted Si ng oge or nore of the

HJOIL _'
C]

2 onveni ence of

WHileOfE V

DRGS0t 12 LR GBEAIDL 2 el o
prepersers Datpdbe réastanPetneass Sirmprtadle produetiang gltcmata/eBu bs edditienally, a

30 Heat treat nt can sinter the artlcles
cor st oy o S e TR erykpdubtSyy S B o g Scross the
ent@t chbitmgRRWIRERA POMIAIth&BEH foll §%inkOfofrRAtiBntJThEI RSEL. €Bbrtions of the
material density. Wile dense coatings can be
layers epnefelte portiopdslopgdhe expanseoeinths epatingesirfaer angdtor portlons of the
I oces
laygrg%nr%g%f%? atfgg 1(1)1roa tllogla f tﬁed SH.FIlOﬂ) ggﬁsi ner?lﬁ'eg m b tpleﬁfg rmed with either
powmﬁebMﬁgSord&Bmwﬁamgﬁlals can be heated to a
tenperature above the nelting point for crystalline
materials or the flow tenperature for anorphous
[ I i
GeffBRS B S gford moBRAE e o8 S obAREL b P ayer s, compositon
corhpriising thiei debiral gbmsm |"Ehesmlrrﬁecmdpq:tor tnateglal tam bmhezmédl mlar @r at its

the coating.into a? terla gﬁ %
el R MO B T B i CreciemacopdleoBAgady Pateming
apprOAcHEAERR RS to FhbRioRdth itRCel@he)! MEK %S HlahisNEit@BIFDRRN of the
in layers. A prelimnary heat treatnment can be
layetppl i ed with the reactor flanme to reduce
dopant (s)/additive(s) mgration during the subsequent
heati ng process and to partly densify the nmaterial. 10

Thd hﬁxﬁﬁyﬁtgeélbmgntpfe &1 ¥ sdophrit{sheddigve($)C le@s beaiftrodiced Vfto a selected
for exanpl e ne or. nore known sintering_ nechanisns,

portigp A the 186 busalectively Gentaing the eqrarosHion It Gy a perien of the layer

o AIPEATGEL 0 10 AR BT DA e s o

covgaxdt with @esmgskpena hy caaentidrabdestso usdfcbmf eiecrmima)prooéssmg, to block

mi GRROT A AES WP HEETORo (A S0 AR rhng iy s Bogiment n
Figh 8 9P &dykP 608 tak &eOine cftacR i nﬁ@lE 58P onHﬂmﬁé c%nt]aét l)Pléeﬁlodlfymg

A partially densified material can be a materi al
Commsciwnamﬁoﬂle layet wOarkarcaemonge@ by thet rlwkp Orhensthe eoa'mag is doped in

e RER SOHGRG  PaRbe Eehul iy R B b s R Whin e

1ayaeqwalnplétm¢>digﬁ ElemerRto 3B B egBéfial apfﬁheahe tHdeaMSiah@M@r different
| ayers can further |nprove the quality of the 20

por@e%ﬁ ohd, laver bé{x%\‘Fﬁ‘J'!né et masking, beiween 9%&1@1 istepi efy ther different
mo@#f{rx'n% ¥:len%1&e"l"h ‘rﬁﬁg‘gl'gn&gg)%&ng}?sdw é’leﬁngrﬁs §.1|t1 tb% ?ﬁceorporated

e nmateri a It1Iona COﬂ"pOSI 1 ons
inte thatmangyial thosughrhieati tedatnyentl emder laser drive-in.

In addition to photolithographic and other masking techniques, moderate resolution can be
achieved using conventional printing approaches with the added compositions being added
as inks, which optionally can be used along with a masking approach. For example, ink jet

printing can be successfully used to deposit functional inks at desired locations in which the
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coatings, sonme additional processing can involve the
application of heat, although the processing
tenperatures generally can be significantly |ess than
tenperatures used for densification of powder
coatings into a dense coating. 25 For enbodinments in
whi ch the coating is forned gense, sintering or other
najor conpaction of the coating generally may not be

nee t hese nents,.the den coatin ..
B kS, HeliVehoher Soel CRmpRAtion o uoBhp dhacanthe. SpmRosition.
Slrﬁﬁar@ ARt Fﬂﬁhr@%ﬁﬁ‘oa@ﬁes%aﬁ% UsE@NSLH] hé’Bff—sE@ﬁTﬁﬁfr% BfaCure printing
However, the material can be héated to anneal the

andrglteslikieal Tloeousqufr doped tsHisa Fartighisfdspeisey imadiqurd as a printable ink to
eat 1 n

s Rt S PerieheRE P S B bt o engne provisiona

applREfGASRial ﬂurhb@ 60287, 139. to THNiesidARER lal NéntiRAPBopéd Despersions and
generally may be no nore than about 60 percent of the

Pracessgs fos MopingtSemacongdweton Subsiraies:” iaparperited hewimby refrence4
t han about 50 percent of the flow tenperature in
centigrade units. Such heating can renove sone
Asimqped abdves thesmodifyiag campositiomoan bt iigsorpdratel eintoeat irﬁ@ally dense
rformed i.n an oxidi zing. atnpsph Gener aj
maﬂ‘é@f %ﬁaugél RGBS PERSEFHY %mﬁb&heﬁﬁege 18 3%?4 e Or a‘ae\@ its melting
or A8% t@rh%@rﬁnﬁ‘eh& thit th¥ Sl Bt &fn hlpSatIRitE 'ﬁ? ﬂog ron addltlonal or
anorp pol ycrystalline or crystalline.
altgnatiwas@nbngilrﬁente,WUC@Sbealndomom igenestalloy zzbepexﬁ the coating
nse coatin

Qg T GRGAaF oGpGPlg ANAT K St TURe RHSap fd localized

reg‘icﬁ}fv‘ Bf EfHér S&Jaﬁng?aﬂeQG whudurlé. sugl td&%ﬁntt h& r&a&t afbdifying
streamonly conprises a fuel and an oxygen source that

elem@at‘ccgnmqsltfoerthen didBseninfothp oreliod gong:t Bhanpserndaser drive in to form

shaqgwj %Hg ?m{gﬁ}s e% g ﬁron?b? éﬂo@g@ol{aﬁs H&ﬁth&g %rc%rs]gr%bgﬁ ﬂugther in
0 é e used to

reacti and oxygen source can

copeadingt frevisivahke gatsmtbsiplidhttonbdriab mimbere pOS02,006 t@Hieslmair et al.,
additional materials on the substrate. Such a heating

fileg, 8p Februapy, di6, 7994y grtitled; Photqygltaic Cell Structures, Solar Panels and
It i ul |
Co AR BaR o1 T BBl KA 11 ame
heating step can be perforned bet ween coating steps or
after deposition of several . layer . whi.ch each
In generd! % EVaGHS RRPRGPS Ay INTogusiag & njodd CTRGH S % Py can be
co@Binell 8f tHSitRWMBEFon 5PLHhOWr Gﬂor%nmbdlfyﬁh% 1dnh SHE lrhsagt \#Y8r. For
step, one or nore additional heatin eps can al so
exasaplpes pastionder modiying e}mwnhgantbeeln@gdmed aslegfar;dmahtyeof techniques
to %021?& O(fesué_c!s I%Lelts o?gi ar@ﬁg/}n%oe}cgnaen%%?%g dfc’sgnbn El{g:&s :8? xg%?r}yutng element

w1thﬁlﬂﬂ1ﬁ:¢éyet hB1 aﬁdﬁmﬁplﬁﬁftﬁe dd&pdsiﬁﬁnQ)\falj)lmliﬂy' dfesqiBing €lements, each
pressure and/or the 20 conposition of the surroundin

mq clement spn ke gerasied uing ORfrT Bere of dhe selimpnes d deggribed above,
foﬂwegﬁ@hfeﬂfbes ;' r}#}P smg %6{1%{1 Q?ﬁgveo Qedrelt upl%p&‘flreg HtCthe resulting

gas OW N e space
materials.

Heat Treatments and Other Post-Deposition Processing of a Coating on a Substrate

Heat treatment can sinter the particles of a powder coating and lead to compaction, i.e.,
densification, of the powders/powder coatings to form the desired material density. While

dense coatings can be essentially deposited in a form selected for an intended use, some
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cont ai ning the coated substrate. The heat treatnent
can be perforned follow ng renoval of the coated
substrates fromthe coating reactor. In alternative
enbodi nents, the heat treatnment is integrated into
the coating process such that the processing steps can
be 25 perforned sequentially.4n the apparatus in an
aut omat ed f ashi on. Sui tabl e processing tenperatures

nd tinmes generally end on t e c osj tion and
sl eTiecRs 0 VRIS Y (Rbler oho TgMIls fhecesapn aleral, he
mafdFalsl caR ¥ teftb@ %o £ Renifeeins AR & tﬁ@H&ﬁﬂ%%hﬁ Fors&st8lline materials or
generally can be processed at | ower tenperatures
theafhei¥ dgempesaturshior amorhione sateziabst exge abovepthedbass trandition temperature
i,.cl es due t.o ti,ng/.sof

and Bhs¥Bly RRNG i SHeHHE eORORENY ey Sl Sbagipg g consolidat

ﬂqewoﬁﬁﬁglﬁﬁo b @endifiel HBLALIHYORHNABASER0Es RQUIl] Sif&idgbf particles can
b 96gioarlson with bulk material. 65 For many
e &

focfattn gwrorphiqus; gydalling abp@lY@rMSt&lbp¢ yhznam i1 jalyers. A preliminary
it i ff el
e T Ty R e e
dursiig the getsequtintlecatihg pocessahd toosaney da'mgllfpﬂfé ridigiak-y pl ane
of the substrate being coated (e.g., perpendicular to
the direction of notion of the substrate relative to
ThE . d t . .
Sy Sl b REAR Bl 08 2 R i g
meclsni sath, suwh a|s nmﬁcy: dsffiisiambla¢tice diffidsionatapon traxﬁspaﬂatmegfam boundary

omai ns a cked. | a er Each. co t| ng .can
ditlySion; SWd Ry (S b SVR! s Slering OEﬁB%H?Iﬁ%&?‘?raHY can
leadli th ftBE THImAOARESAH hBBPhEANGiRE dﬁﬁo&iaﬁﬁg I%Sa&ﬁﬁt)e tcBmpletely or
each other 10 wthin a layer and/or ih ddjacent
partighyedensif@idniln gerleyal, dfinsification dampe perfanedibeforss emafter patterning of a

layéxgec %hfail? lrelgr’lsﬁgpnm?tgngfcgg S?I:e X hrg%}%l??l 21# tév rclplat | e nemf)égl%gemams but

theCpute ezedeR dsdeh adduved hnd ke eslid afatrix sttdﬁ@th@hd‘&‘ﬂmro@dthe rfusing of

addi ti onaIIy or alternatlvely wWth one next to the
pagielggfo foup gigidiater-pydiclemegksd | ayer B formed as AB. In

ot her enmbodi ments, nore than two |ayers each with

di fferent conpositions can be deposited, such as |ayer
Futhernthbrd, sgree pcessohgl Qf)lhﬁ' d@osi&xidsj'drsechndiarthérrm@rove the quality of the

equential (e. St ac ne on to t he ot her,
w%ﬁga’géﬁ’fmﬂﬂé il ThpRgO C’aﬁtaﬁ’&‘ftéi&émm n@%ﬁ’e%swna ‘é’i}‘é?%dlfy the
corﬁ&%hoﬁ' JTitheAmhtérialdr b&d &ﬁﬁt‘l(ﬁﬁl co%ﬁ%@ﬁ@ﬁ@t% tRd cdaBiie rﬁor‘%ﬁl@lly dense
ferent conpositions can be fornmed, such as ABAl
cotings, GromeABRABIABO oot ot hevol ot malicsivn of hbaa,yelltlmugh the
i £l L ons and/. erties

kg B GeC IRSST EAT5200H lpt S Bl S PRERLA St o

derlsifjoatien oRasliebfoatingsinto £ddndd ca8APOSi tion, general |y
have after consolidation an average thi ckness in the

range(s) of no nore than 3000 microns, in further
For embodiments in which the coating is formed dense, sintering or other major compaction

of the coating generally may not be needed. For these embodiments, the dense coating
generally is not heated up to a flow temperature, such as a melting point or glass transition
temperature. However, the material can be heated to anneal the material to improve the
uniformity and/or crystallinity. This heating can result in some compaction of the material,
with a corresponding increase in the density. The annealing temperature generally may be

no more than about 60 percent of the flow temperature, and in other embodiments no more
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embodi ments in the range(s) of no nore than about 1000
mcrons, in additional enbodinents, in the range(s)

of no nore than about 250 m crons, in some enbodi ments
in 25 the range(s) fromabout 0.1 micron to about 50
m crons, in other enbodinments in the range(s) from
about 0.2 mcrons to about m crons. A person of
skill in the art will recognize that ranges within

t hese ecific.ranges are contenplated and are within
thap OQ@S@WE’B? Oftth% ngg@mra@res@ ngtﬂﬁr le yrdfst Syueh hestipg can remove
h&YRbufi f - it . g al i ti
somEBpui RS OB inbuRfes i e WORrBAT perARBPH bh Vhidizing
atnpysphieret Genemally,rheatihg ghten80cqating inder thessownditions does not alter the

appar atus. Thi.ckness is measured perpendi cul ar to.the :
s R RS meisTanE FRotehoth PoNEO SRl e RE 6/l L shibblaimeessing
tenSpHrdtaeS art tdes RRerall{@ep¥Rl 6 it compbbitifhbf the iensBdbdting! €

coatings can be heat treated after the deposition of

each layer or followi ng the deposition of nmultiple

I . I.Nat.t f..the t rgaches.

Fol PG BT R MIB R Bl o o, BB GRS e s o
suchethati the fatthmrstre®a bal @iftprised a fldPantPdred yabn sdlpdeHet readtd to form

may be desirable to heat treat a plurality of layers 5
2asePRYYAPah PIRAVEL . witheuti ¢qndensable matgrials., eZhe flameuresplyng from the
i gl Y, [ :
reckBAPDE U, ML DAL VR hoiR0 caF MRl B el I B suboraie withour
deposdingenyaddifiercl uratergiscosthe subistratet I3acih e &tating step has been observed

t erat ur re pi cked. at reasonabl ¢ val ues, the .
to feduecpPAR S pAifieeC Hiongtpop TRy gotsp 208 S gedopgiL plica glass. A
ﬂaﬁlgq{eaﬁﬁgestgg}é;ﬁ{ Be ?Erf@r‘?dé!ddl?e't\kf@e% YWakih Btefs LAYREr %oﬂﬁ&n of several

mer ge undesirable amounts at the Tnterface. form
laygratin evheld eachr eooting dayef otdyowi mgy depbavet thersame(composition as other

t - [ :
LSRR 5 SE5 RS HE e Bk AGRC o Raing spscan
be pbfotiedlaftetreibrigy il yibetatdirarg iy resd@sk. at i on- based

etching, can be used to formdesired patterns in one

or nore layers. This patterning generally is perforned
HeQPtr@atﬂsftlsmf&gE%t&f h\?t;strﬁ@s e RRSpdrtoPRed lin 20LlibbRWRen. 1t may be

mat eri al . y changli ng reaction conditions, such as
degirableutos oontfd] othe catmbspthete gaghd loven widt trespeets toc reshige and/or the

deposited with changin article size in the .
COPPLHBC P G m%nﬁl_ng EFFY eﬁtqlta‘g)srovapé (587 \REBIRTIST: ok egample, an
indlibtish fusiiRk| £boPahde! 2% @BE fRBadarBs bifd) %“Er%oﬂﬁ’éug]h the space
| arger particles and vice versa. Thi's can be usefu
corftgipingtihe eaptadesubgiratef The heat eatmentaganbe performaad: fol owvimg, removal of
Wi i i particle size, a_.heat treatmnment
bl B RREEHoh M PBhlie afcBly o AreiB e SBdps, e hea

tre@itlefNis irliepRat@D ifitb etht adogihig PRddessC b G thd Prfcedsh® $t€FScan be
densified portion of the layer with | a[)f%er particl es

pergeimeds ssARSHARY i | they separaiierin gnoautempted glashiemhdwiuiteblg processing
) . , Lini

ten{f}:%éé@@r?{ iaécgﬁﬁaegsébﬁleﬁhy &89[1(9 Sh qﬁe c[)BSoﬁ{ltyns tal% Iﬁlgllogﬁluc%e of the

coatings. For powder coatings, small particles on the submicron/nanometer scale generally

can be processed at lower temperatures and/or for shorter times relative to powders with

larger particles due to lower melting/softening points, higher atomic mobility, and higher

vapor pressure for the submicron/nanoscale particles in comparison with bulk material.
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been est'ablished through a process called zone nelt
recrystallization (ZMR). In ZMR, a heat 25 source is
used that can nelt a thin line of silicon film This
heat source is swept across the film For exanple, a
focused hal ogen | anp can be used as the |inear heat
source. A heater can be pl d bel ow the structure to
control the base tenperature of the structure. The

speed novepent of the heater.is cantrol | to .
P AT P iraboioe i L5 THE o FCIIA SPHBEY VP ifRpt compositions
an§Rl hidrfHofely! AR g@ﬁé}glt thel& BIBPIE cBatRis 20K Be RFLNEENa acent to each

faster sweép speed that reduced 30 processing cos
otlir t deress sthewety Blmpfstbeeﬂdbstmtgéleldgap(ga@d'd Ce. gstmltpqmdacutas to the

r..cr

airBfor & Rh T SR8 subdE Sfldive of hettp i Sues e Xafked ape on top

of pthe p&théry aétﬁﬁjd Qe GOPRASI ¢ff e bittraldl BéthpKYakl, tdF€in any suitable
rel ease |layer from adjacent materials. General | y %

copbiaEpn y)f Gfljacend dompasassand stpeledplpysrs.ddiach epatingecan e apphed to a
deﬁ?ﬂ g of the rel ease | ayer fromone or both of
S a JOlning mat eri al s. Suitabl e physical 5
properties of a release |layer can be, for exanple, |ow
density, gh ne|.ting/ softening oi nt, | ow
Fopgems H%ffnrtserdg gent| eameRosHIgRY £t ibe rfiepesited radjacant to each other

w1§1¥rP§'T'a}’eP£hc96r ﬁ%%h&ﬁ' fl%%&s Slfnli‘lﬁlrlf Ui n§ﬂ1l %f(??l)c;? Idﬁfégéﬁ't %81]11posmons

properties incl rexanpl e
cars b¢ deptosited in alteraating layerad lpd:dlﬁmlllyl ﬂvxe) lapdre miithl dlff’érehheompositions

rel ease.| er enerall | d be, ine
caf G drasuef it ienn W06 e P e sdsktignal s afematively, with
onPhe&as Thé8ther, 8Bch asSldGdr &%n@'lay@f BYorfled KTRE! ah lﬂﬁl?er ehfbodiments,
some enbodi ments. The sel ectéd properties of th

mgqre theadeol layess eachrwitle diffexgt @Dmedsltlmss@pdlealegoawd such as layer A,

la}%}ér%[in%nﬁg&% dépoglhem C%]%Je%gsgéllf%l 15119%SUbiaé;F( 4 ﬂ? ?%Eo[p %fr}he other, or

adfaa¢ntb® eepbiheq &0 adjacent Qinﬁaﬁecldea)/ efyekd ABDDV Slrﬁh'larly, alternating
fracture the release layer. 15 In general th
sequenessRidayesy With difteERtcomnosifiops eambes foamedsi sugh ﬁS ABABAB. .. or

I?@RB@WB@t et hg)gj&gsc%ﬁbg%ﬁ%ﬁsc‘ of q Gd '\&Qﬁd Qfﬁcoéd?%osglnogs and/or

ayers deposit reactive depo Itron
opheal gromsities ean he formetl @adesidedyer may not be used
functionally once the overcoat is released, it may be
desirable to keep the rel ease layer thin to consune

IndiGioRd]  HESMEIC BersHOMBY €65 ol TpaftldBlal 8RIpositisn,! %@nérgll}n ‘have after
certain properties such as mechani cal stren

consofidaiioni apraverfage thackmesstihitlkrangsis)safaio Itltbratthanh%)Oﬂemme, in further

o510 3 REnBPEP S S B ood, PRERRD.A o

embbdigientsfBsthé ethgbsPPLAd hdfe Gin bbsut 280 8A&ONs, liRY¥&he eMbodiments in
| ayered structure with a release layer is "shown

thesgqqgi;(g)[ fremy phout (9. Jrmjcrongo gbayle p@dnicrons, in other embodiments in the

range(s) from about 0.2 microns to about 20 microns. A person of skill in the art will
recognize that ranges within these specific ranges are contemplated and are within the scope
of the present disclosure. Each uniform layer formed from particles with the same
composition can be formed from one or more passes through a product flow in a light
reactive deposition apparatus. Thickness is measured perpendicular to the projection plane

in which the structure has a maximum surface area.
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25 structure 610 conprises a substrate 612, rel ease

| ayer 614 and overcoat |ayer 616. Substrate 612 can
conprise a high quality material that is reused
following cleaning with respect to rel ease |ayer
material. Substrate 612 may or may not conprise |ayers
deposited wusing |ight reac%kve deposi tion. Rel ease

| ayer 614 can conprise one or nore nmaterials wth

T i1 B RO aitais e e QeRri e 4567 (i dEPositon of each

laybr@¥LSHowWilE thE TdPbditor b mlillgplé Clggéf§tdr CRhley c&ﬁﬁh&ﬁoﬁl bhéhe two
separ ation  of overcoat a er 616 froml ayer ed

appgoaches. Lk eulabl}: provessiog atdet g@t@rallﬁmpmain ob ehef densiffieatioB8nechanisms
on, _from

/
of TG ol HeSrt hanry Hom SrRbTr ton e RS, HhBlineef lavers
smﬁ‘l’(ﬁndohﬁz“@ﬂé@l'ﬁlc g1, Heﬁta@éaﬁh% ﬁ‘{)letlﬁ‘}%rsf sihRfafedudly&an reduce the
ren

whil e the | ow mechani cal h of 5 the rel ease
timie 4p¢ complesity ef the axanpiaeiuring atO@e:‘«sraadxthuSe resfuce panyfagtagsgcosts. If
theI ﬁ%ﬁflg ﬁ&'ﬁﬁl’ﬁlsy?f 1cl§eél Qte§ Eo%[k&hl% I/(f est I?he Bgcjitgoa?r?atenals remain
| ayer to ave a om%r THe SUft rethdi

sufffeitgthy afissous @uc}p&ratitﬁullayers tdﬂebduﬁﬂﬁ'ﬂas ewltaiyies 1@@11 Jikﬁ\hbt merge
a porosity of at |east about 40 percent, in

U“‘?é’ﬁ*ﬁ%?é? APAYS & thesintarfagp oo fasmppatiemied siHefures Tollowing deposition,
por o@ %ﬁe{b é‘?dgi]oa% q@#’%‘aﬁ’g?/ nar @Hﬂtﬁqq?g? H@eﬂSﬁg%m etclhfng’ such as

chmacmgm}mg,tdmt eteldog tar ondibtidiObasad gechingf cporbesuded toi fdninndesired
t he eng|C|t ran es_above are contfy01 | at.ed gnd are

patigms ip e Aemops laxets ThiS Daffging genesy prjormed Qn -4 SFRE g prior to
depoki®ibh af &fMidHari@@riaph of a cross section of the

structure in which the area of the pores is divided by

the total area. To achieve a |ower density of the
Byzric%!ari%agg Be&ét?’o%&%o&éiﬁ{%ng %‘ﬁ‘glﬁgss *e?%rg(% oav&r/] op t'gsggg%llotwe pamcfeg can be

depdeit& @fth dhﬁn@ii)g'f@aﬂlﬂbodtdf&ﬂﬂﬁ z- ﬂlP&ubﬁ)Wﬁﬂnn deyigld Yayef or between
the rel ease | ayer can result from reduced or

laygrsi it weplle Ratticles en §p dposited on e ehlveser ppeiclemng evice versa.
Thitrsmh%éq}\é s‘éﬂﬂ‘tf d‘Je ﬁ?nﬁ%ﬂm% %ég&?% e% n?ﬂl P%‘a@ﬁlall, inﬁlr a%'}a%lent in
particla sizej a:heat dreatzemt ktep chre dersgulthe ohalleapaigles toratgesatealextent than

e Srs LRt Lt LSRR LoD SO L0 e can

forRAhd feldaSe B &e that results in a higher flow
tenperature. For these enbodinents, the densification

of the overcoat Iayer and, optionally, of an
n ease er with a | [ ...
rol QNG SN RERSE R DO SRR i b sion
beeh@kstablghed tirtghya provéss bRIH 2ttt fdcry8falization! (ZIMNR ). OWEAMR, a heat
nmechani cal strength can be exploited to fracture the

soyreq isaised thalcap mglt adue linarbglienp filve Bhiehew apuricajsepweppacross the

film. For example, a focused halogen lamp can be used as the linear heat source. A heater

can be placed below the structure to control the base temperature of the structure. The speed
of movement of the heater is controlled to adjust the distance between the melting front and
the solidification front. There is a balance between a faster sweep speed that reduced
processing costs with a slower sweep speed to get larger crystal grains and fewer crystal

defects.
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The separation force can be applied by supplying
mechani cal energy. Mechani cal energy can be suppli ed,
for exanple, as ultrasonic vibrations, nechanica

vi brations shear force and the like. Alternatively,
the | ayers can be pulled apart. In addition,

heat/ cool i ng and/or pressurg can be supplied to
faC|I|tate the separation based on difference in the
Cbollng can be

A I%Ieraé@ta%rehéé" 4 obér@l}' hﬁ’d/@ll chrﬁlgc%ﬂwn]{h“'t (ﬁgtméu'ihhstﬂg‘f'elease layer from
nbodi frents, the release layer can be chemcally

adjg@pamate@dlﬁ [Gamexallyy e nvdmmgty dfalyeatrebaase}:kayer@rawpb&aforthﬁeseparatlon
r.el ease Ia can be s ble in sol vent that doe .
of i F8PEe JAYE' Rt of sl b pdoRing iiertath, SiRERIs,physical
proge@@g ioffGh #dabe $dylet €8 be NS RbnYRY, 6w Aehsltye MglP theltitP Qoftening
To facilitate the separatlon of the ovércoat from
poinh dow emehwaicplastengtindargasoefiisicat of eermel, expposion or combinations
er r rans{. :
e SRl DL ARRNLY ROET 95 B! 0B iy o sl
solegial Inl Additiarg, tht aigetaltdfathe oeleastldyer gédvaallyt Bleowdibeaigert with
of the overcoat to be released. The association wth
respect iy it elfersatesials at SANGIEONRABTCISER! BROSARSING, SRSt Rucknas at high
e e.
enffEER] bbbl TIC 08 BERORLTT e, AL fvr can b
exploitads foe sepmmte apeownmblyeri® Domr theatndetlhimgt substsdter In particular, a

surfac sed to apply shear, an r I1in
chaEaIGHIC S RHGEl SR eSO B bF (ApBhed B eieisant et 43 rergove or
frabtiRUtHE felé€1dyel.ease | ayer. I n sone enbodi ments, an

overcoat structure can be associated with a transfer

surface to facilitate certain proceSS|ng of the thin
Bl e

deﬁhb&d‘:fdﬂ fother Nayerd Gepokitedisy Bht r%&titiﬁz&@l&p@@t&ﬁﬁl Oh &@e \Wahd) sihce the
orary substrate. |n song enbodinents, the transfer

rel %aagq%)@é ma moh be Jised dagticwally (anog the Piversedt 1Ssislaepedatib may be

desiiaBle th kedd A?‘l 9&1@&&1&,\/ &hﬁn QY 50k fE0Er LB YbwevBL gftﬂe layer

product . in structure can be transferré
is tn)etﬂwemesbablspm@eﬂss ussclmgts mechaaicabkteergfipmegcbes Afmteon of the
rel ease. fro rel ease | ayer.. Adhesive nd the |ike
iR peh Sheh P JSISh GCHPT B die SO S HnoisP bl berson of
ordAry §l1Sn Atart B AdjKR thd fludl’ﬁéésrt@ %bta'ir?ﬂ&ﬁ@& %)r(ﬁi‘erﬁ(ﬁ%f the release
rel’'ease |ayer can be renoved fromthe rel ease th
layet ruct ure using etching or polishing. EEpendlng on
the nature of the release |ayer material, residua
rel ease |l ayer material can be renoved with mechanica
A [@tries hstrugtuad Vit a abledeCRker is shown schematically in Fig. 19. Layered

structure 610 comprises a substrate 612, release layer 614 and overcoat layer 616.

Substrate 612 can comprise a high quality material that is reused following cleaning with

" respect to release layer material. Substrate 612 may or may not comprise layers deposited

using light reactive deposition. Release layer 614 can comprise one or more materials
with properties as described herein. Overcoat layer 616 can comprise one or more
materials in one or more layers. The arrow in Fig. 19 schematically depicts the separation

of overcoat layer 616 from layered structure 610. Overcoat layer 616 can be further
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25 mechani cal polishing. Mechani cal polishing can be
performed with notorized polishing equipnment, such as
equi pnent known in the sem conductor art. Simlarly,
any suitable etching approach, such as chem ca
etching and/or radiation etching, can be used to
renove the residual rel ease yer material. 30
Properties and Further Processing of Free Standing

Fol | f th
ProSEised PR MY QL EPRSF SO B ReAEnE g forgion of 2 desird
prddakease | ayer, the overcoat becones a free st andi ng

structure. This free standing structure 70 generally
is very thin while it can have a large surface area.

The structur have rned

Fog e Raiiaea) Bronngof fRaetats ladge waa bl Mgbgpis srength of

theD eléR& LBy dmalefD carfifhdiBlatd HRctRPOF theITERER, 1d @M/egenerauy it is
surface or both. Either or both surfaces of t

desatablﬁcﬁou the rekpase beerf torhaea lpwgrcé@gvéﬂ thap\ihe elunfcnmdmg materials. In

t ane npr e, devj ces. ed. apove

part cuﬂgt he erelg%sre agert %arrrlp }cl)arvgr? Ip0r031ty poefra?mlﬁaest] a %)/utaAfSOS gerce ﬁe Ip some

embbditheatialt Mkt So0645 péreeritand acﬁirthéﬁétﬁbodim@ﬁt@ Fonhgbaut 50 to about
for the formation of a device. Suitable dinensions ar

90 dqesc‘@asgere%)bo@emrﬁpn 9ﬁerdtr@ﬁx akil igthe g yilloeeaaizfgthat additional

an%gg oP ?Sggﬁy thﬁ‘urg 1c1t tr%%eg\éﬂ;&é)ﬁie Joﬂ%ﬁ{pla[tgcp E?d are W}thm the

e a sentco or S , can have a plura

pre’k@ntl dagebosaret I’Pairosnarns bmlei‘técbﬁbm\ESEIMmedogrmh dfreecross sectlon of the
formati devi Referri. to, Fi free-

stragtugedp 31 @t% etea oL s Reresdi AV %%tqqaalfé‘?as 622, 624.

O course, the conpositions of the two |layers as well
as the relative thicknesses can be sel ected as
Todkehieved. lo@mdnaitj/ yf thetreleaseulaper thefreleaseelageraan bbeiepmilgcd with a

an three. For hot i a
o8 dersi g R REE h At D S QL Tor P SR e towe
def@tyEoft thiereRas RGEI ¥ kayr fﬁionﬁll}édtﬁze@ diifehirﬁnm Gen51ﬁcat10n of the
sem conductor | ayers, which may may not be doped

relggssnigyarhehide the eversgar lager and, s(mtléﬁt‘le}@ FPorRqeshayen gre grore fully
de&?ﬁ&f r Tﬂlg %@g%ﬁ@e o &’éﬁlfﬁg&&d QEﬁlat)ef gifgﬁ’sdég%ﬁ&lrbié’mat?al with a

structure a protective
hi ghlef ifloentenmeeaturé Iham narramdimgdopdedsisied incaeridl aypdfor G3kRrger primary

simlar structure ayer 634 is a seq cqnduct
payligliosizg fhot Bty aadt Boy EEPPaTagTS kP JESC € g&é’fhments the

deRSficdidRIPRL B@ér&a@ﬁ@e‘r GAL] QRdnal td?l%natﬂﬂepfbty&of@sults in a release
paSSI vation ayer functi OnS to d provi de an

layet ercthr adaivey dﬁmtul than ripe Ismy@mdmg wetdrlatss arplr @t@c:nesmmdmgly low

SRSy e DGR SRR cal o FRTBAE e e

relBé%\éllzi},&rWltfhf)@trcﬁﬂ{agﬂ%ghes%r@éat 14 pi ng and/ or an un-doped
| ayer. For exanple, referring to Fig. 22, structure

640 has a 25 protective |ayer 642, a p-doped silicon

Thle %gr?a'}atﬁ)%%rc%rbaﬂ %’e%‘ﬁf}ﬁgi I§}L Ldpf)%@né AeElanP P ex?é?gy.aMe@hanical energy

can be supplied, for example, as ultrasonic vibrations, mechanical vibrations shear force
and the like. Alternatively, the layers can be pulled apart. In addition, heat/cooling and/or
pressure can be supplied to facilitate the separation based on difference in the coefficient
of thermal expansion. Cooling can be accomplished, for example, by contacting the

structure with liquid nitrogen.
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R R .
doped silicon layer 648. In general, the structure can
be designed to yield desired performance for the
final product, and the processing approaches herein
provide considerable flexibility for designing the
structure. 30 For the formation of photovoltaic
panels, a plurality of cells4s generally connected
with appropriate electrical connections bet ween the

cells forma panel, |ar e ar e stan
In §?‘P%€F’&’Pg‘§“e@§s@i“f FRlePs doet ¢ me Ytssp%rawﬁw fiom surounding
laygxlsurf%r'eg()(rnﬁfe me%ﬁagél ?@:It &mvt?er yoh?t;le 11?‘ b @bfv@ﬁt RLORES o8 Yissolve
hat can be matched w thin a panel
theacmemoa‘atawme o @idhaile vuﬂlongreatﬂmg mtbsdweshﬂheﬂumrhembld can be
erein involves the formation of a |arger area
Egrotective | ayer with sem conductor i sl ands
appropriately placed on the surface of the protective

l ayer, which is subsequently renoved to nake the
Tofaeifitese tbﬁ/aepaaaim ol the ovqnwaﬁ’@mthelrel@aseu bakt ynd substrate, the

Q WY et e
ov B8 BhorF oL BBy AT IR il SRS e st s can
be bpprokienately @gas 1ﬁ@£ieOIan'b"r t]@diﬂdnt dn@dIRt tHAhGBEe SEifR@ ofahe Beercoat to
performed to conplete the individual cells. An
be aslersad-mbe association wigh artengler Rurgasscaenthe madearfer example, with an
adl%gf\}é%tr ll’H elﬁ(t:' %ﬁ%g&%rﬂb@)dgﬁ&ﬁ s%ghc éﬂ\@tﬁat I:lll %BQ Qutﬁ%lent to associate
ormed th rough "deposition patterning or roug
thearantfen gurfdce and thieuatencoat. Hedf tearrsfergurfh@: dande uB&d to apply shear and/

st .uct ur.e 66glhas a Iargﬁ | aye Mﬁth f our |sIan?
BE4NE BIBEOoN Epiie oy grgoatpidFlver fchenes i Ty e elesse layer.
In E(hﬁ‘e ERbS& A%E hin %@E‘rc@ﬁ%@mﬁ:ﬁ\‘@&aﬂ Q@QSSBBH{ed'\%It}?Q‘iﬁnsi%P GlHace to
as one, two or three islands, or nore than four
facnlsatan@maus pedreasing poft thea thim owpamattdi strzchuts. Ahgeadhgrivercan be
cheg%lg'al 4 o }rsyiéicgfl% éer}nov . tg |r§ﬁ%feﬁ{}%g’zco&{ﬁat%‘?ﬂ ﬁrUf%xrf, ﬁfgggthe transfer

surﬁiﬁ:ﬁbb%biatd’d&ﬂﬂl@& téhporagNdubbipdtat Bscxderab&limiehtd] the tfabsfer surface
present discl.osure. Al'so, lar | ayer 662 and i sl ands
carB‘@qass%@te 8ath a permane sg‘tacélﬁtq tg@]q iy pHached o thg\avegcoat for formation
mtJ?I ubfgd%ty QI 3t¥1€ "tRin sm‘?ué | & bet Waﬁ%&? befo iR os%‘ogti'zﬁ’& using
er “of | ayers may or may not consi st ent
corbparalﬂe lappzhoﬁéltes after rieklasmnfiom tHheelqass layeronA digeses tulbthe like can be
not, nnetrlc and the

rel e B ey AT Sigh e B gt i WS desi red for

the formation of a particular 20 product. Laser

cutting of a silicon structure on a substrate is
If dhsired,i nomadatity roff ke rdlense dayse e by rgnowdsfromaihe p:ahemt thin structure

u&gg R chl%%tqrogh errlgzg F%e%gj%l t%ﬁéla te %ﬁth lrefhéad;e ?ayer matenal residual

reledSB Al gorOhdagiirial ©ah | beSténi6lddr G5th S@l:l@dm&ar}ﬁilﬁm@gdand/or chemical-
Correspondi ng Processes,” incorporated hereinb

meghanigab pelishing, eMpgthl% pelishing carplag p@tfwdo\ﬁlt}amo)t/onzed polishing
eqlﬁ#)ﬁlgﬁ‘tt Wi ?ssecﬂl tk%ggfgtnﬁq%é‘ séﬁlﬁ:gﬁ@l%%n%nr S@Rﬁflz{rﬁ; %n? suitable

ter’transfe ransparen ate.
etching approach, such as chemical etching and/or radiation etching, can be used to

remove the residual release layer material.

Properties and Further Processing of Free Standing Structures

Following release of the overcoat from the substrate through the removal or fracture of the

release layer, the overcoat becomes a free standing structure. This free standing structure
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In general, the structures can be processed further
usi ng a range of desired approaches. Suitable
processi ng approaches include, for exanple,

conventi onal approaches adapted for the processing of
| arge surface area structures. For exanple, the
structures can be 30 processgd w th deposition
processes, rennval processes and nodification

Sses. able ep05|t|on rocess |nclude f or
gtz aeryctﬁw lt&arbg?vecfela%sm 89F qe8/D) e SHRIGHEF ggy or may not
ha¥eP PhtEROShicha8 a(opg% upbef BHpfe 3hd by &' H& nGOM ieQﬂlr?(d along

di p coating, knife Coat | extrusi on coati ng,
elt]p@'tltsplppﬁt sunigce, Rmmuoﬁacmequﬂar Edbéramdothhenfaoés, of the structure can
i nations, ther or t.he like. Suu%ible r emoval

SGTREF o 1T oo TRl 0B EHECIRVE crhgS el pove, the

str@étﬁﬂalc@ﬂ be%m% @tdr riRaRady atobiaRd Wik ahARérCRAbstrate to facilitate
em cal nechanlcal pol i shing, known or

pol i shin
prqumsa@r %( tenrmaeereof 2 devani Ruitabde dimensioas Arepdisquseed above in
the on?ext c'ypt%e rocc%gslng)n ! %:alg ésques can 5 be used to modify
e properples Hodor coriposition of the materials
along the surface of the structure. Suitable
nodi fication techni ques include, for exanple, heatln? )
In geperals thgovgicaat @wrafprueﬁ@flp e apsepteAndyetop Fheep @@ fipyeea plurality of
Y t e )
1a}%ﬁ th£t%ﬁ%@§ff§§g{é§>ﬁg§e?a I%??%%agpﬁioﬁg%g\éﬁb :?{ée?erhﬁﬁ'% F%£20, free
standinp lstmcttumrfSZOtdmmpexsés two lapas 52&6624D§Milsaiut‘siepmﬁ composmons of the
terial r , ;and/ or nodific |on C fa
twe hayeendd Wal 28 ﬁﬁweclﬁlvﬁa‘gﬂ‘ﬂ%"“&?r canj| 1?%%3?%@??.1%3 miarly, the
nuin®EN6f ﬁ?&% caff BBy Bfe, Ao ﬁﬁ’éé)éﬁo}nt()?é ﬁmﬁ’ apeL s P%r photovoltaic cell
phot ovol tai ¢ panel” generally has a plurality of
applivetionso litt edncbe dbslgbbswehﬁtylemecmtmoanthlrapmtmwa dayers and one or
subst rically connected.. For exanple
maFE SRS B0 HEh S o80T B e 1P RS fpver o o
seldctpd PérEioh theRedfT RREPAAE T the BRRY sechbh Mt invEkY2 1, sf€cture 630 has
seni conduct or structures can be forned for Individua

a pEipetvedaer 4 nppsigreshsibcen lapgrdiddand e nsdensd sgicopdayer 636. In a
s1nfi?a? @frgétﬁreh gaérgfa{i:%ﬁﬂ Jefné%ot%ﬁﬁ??ﬂ?é‘# da%doté}a 'I%fme 6 lssalﬁ)r cﬁprotectlve
laynr ngqn rlﬂmtcszlohmlctapphoatmns,eh e @add ibottbmi plasaivanmi Ilayer functions to
$ é qu conductor i sl nds can be forned

Proyideh 2B elFiBeRY IHEF&‘ apgs ay?iob%ﬁ‘f% ahPretretion e gmgghepical and
chéRalla@tR8Si ng taking place prior to or follow ng

pl acement” onto the transparent front surface. The

i ndi vi dual ceIIs are electrically interconnected in

MG shibles BuBGiS 5o be Bfes SGTRUBHAR 185 R Hie FHiieRdgprees of

dopifig aH8RH ah AnCAIPRA @dyer.t Fer pantle, refiriRiTROBigMBAL Frucfhire 640 has a
whi ch the sen1conductor sheet is transferred for

Pratestivaaxsh of htaoP-doprshsilieon leyrs 6Ad) aneedoredesiliqon lpyandeand an n-
do;géd L6t lfzéﬁ: s aﬁ%ﬁ%ﬁ%bﬁ%@é@%ﬁ@#%g&s&%@d to yield desired

ocessing of the'd
pefemianoadioct the fisal product, and the processing approaches herein provide

considerable flexibility for designing the structure.

For the formation of photovoltaic panels, a plurality of cells is generally connected with
appropriate electrical connections between the cells. To form a panel, large area free

standing structures described herein can be cut to form a plurality of elements with very
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directly deposited onto a transparent substrate, no
transfer of the sem conductor is used to formthe
photovol tai c structure, and generally no rel ease | ayer
woul d be forned. In general, a solar panel is
constructed such that |light can enter the panel and
strike the 30 sem conductor,;material. The charges
gener at ed fron1absorption of 'the Iight are harvested

Usi ng opposi ng curre ectors, The surfaces of )
Sl%lah@iop@rgwésw Fop b @aafbﬁff B Bangl. 855 & ffamﬁwstaé@ﬁabfe using
the P8k BEdcAbSd hErRIR BOMVEORERERioA SE AUk ard B RRAafer with

Wring can 73 pr ovide el ectrical conneCtions to
sermed)ﬂdslctmf idl4nels ppprobriately pla@ﬂemstbe suréacelog dterpro@btlve layer which is

st SEEHEH e g o SR gt brnt cttrcat
corIBBlOaBbiFdde! TREShpIale. the Paldl dgpedpriite elEEtﬁc&ll ihieBQRAERE can be
nani um based sem conductor can be doped with an
cormwctyﬁbtp thepsiands and oithes gdgitional ipseesesing ean be perfoymed topaanplete the
ind®hiad Cli:oncentratlon for exanple, from1l x 1014 to
% %? x 1018 atons/cnB. For sone enbodinents, it is
desirable to use layers of silicon/germani um

sen1conductors that are thin to save material cost
Antgmbodipent 9 a; fiugtuse Méld sepsrpicopland sErcturgs & shompgin Bige23, which

a.nTlE fontnlgan %Srgﬁéh g?ﬁoo(s)g'{% r#’[gl?m%‘:irl tTg)%gﬂrEBHﬂltg cﬁf a étf&mre. Referring

to Bigl 23;emhgererﬁzﬁ@ihambagemh}&eﬁﬁz:wnﬂlfcaroslamhrﬁmaﬁés 668 670 While
aver i.C s from about, 2 mcron

shoEyER four 1ﬂa%‘gnéleé%8 QYﬁéfﬁnshaVF HHsT ‘6%11‘{0“%15?&“[61? éH%h fone, two
or BPQUEIARE, oF @B fbilr islhdd) %ﬁcl?@tﬁﬂiorﬁa@ﬁ)ﬁsanﬁrlgﬂﬁcﬁbWberson or
4 mcrons to about 70 mcrons and in additional

ordanrany akibteimt @efarrbmlléwagnﬁce r’rhairetddglotnel sdvgert OSﬁ)Slmdcmlmlsers within

n_of ordi Lng r
thefl B tnfies i e plat g ok wh B, B e A BESGE! Afso. toree
laybihe62 difdl i€bapdd 664, 668NEE85 630 QNE e@dhanalamuenp hates pringitRibe layers.
Wi thin the present disclosure. In general, the

The sgenthigknsss, copwesiganend mumher i A drYare aeay Qb IRy Itcmhesconswtent

L T e

andPdteclotations D 1sladds ¢an Uatcahal &t daired fenthietfoadatioBobfaa particular
|| dule," U & nt 6,362, 021 a d U S 20 Pate

progisto 635 GRE 15 FoTLFoR: SKHCLURe i 7 fubeates  Egibed firher in

copgpﬂ%gl:ﬁrbmsmhﬂlt pate@! %llgﬁicﬁﬁr se@ﬁl lnumbéfbg(‘}yb@z O@@% WMaEdMAgdS et al.,

nuf acturi ng t he Sane, four of ar e
ﬁlddncmrF@bde ROP&i entisledr 'éH}@tcewdielc el Sctelatlhcsng%ﬂarnPanels and

t hese nts _can be ada for .the onstru
colrBiRAeRE] PisBERn MepRORbit teietl, oReEBRR L Tk el can be
perf@hRAicll 5 seegare Aedeposited Hnto %Strmﬁgeﬂtemkuratb Qrfa@eMtransfer to a
photovol taic nodule froma thin sheet of

trargppicabfbgEsteani um based semi conductor, a large |ayer
of filmcan be forned that can be used to formthe
entire nodule. The silicon/germani um based
In gararadpthdutiuoturesacanblee prepesed Adtidr meinp layranpe of desired approaches.

Suitable processing approaches include, for example, conventional approaches adapted for
the processing of large surface area structures. For example, the structures can be
processed with depositioﬁ processes, removal processes and modification processes.
Suitable deposition process include, for example, chemical vapor deposition (CVD),

physical vapor deposition (PVD), spray coating, brush coating, dip coating, knife coating,
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transparent substrate, such as a silica glass |ayer or
the like. An additional passivation |ayer may or nay
not be deposited between the elenental silicon |ayer
and the transparent 30 substrate. The passivation

| ayer can conprise, for exanple, silicon oxide (S O2)
or silicon rich oxide (Si O~,x<2). The passivation

| ayers generally can have a thickness generally from

about 10 nanoneters (nm to 200 nmand in further
X BT RRB T 195 R3O DS oAV ATig OB ETeR L cgrppations thereof

or fﬂg?f?(g.i REbie at Brfo@ggs«t:sf)inélﬁge,%} exaniil, gi%g%ﬂ’%&e}hﬁé] dry etching

er can further function as an antir
or cadsationdpased gpehingy mazhawcali pediskingk chdmical ménbanice! pelishing, known

o DB YR e oSSR AR0 SRROF Sk abfl OSRERm b can
be Whddonddify thE Wi&ia%%@%aﬁlgosﬁ@@ obthefAaerAE aloRg the surface of
transparent 5 substrate can be textured prior to the

thegityoiire: | Biitaplegoediscatigppedmiques énclledss & sxampleeheating mlee structure
. are descri.bed above. ln ge b fext uri LS. - .
in 8 S 25141 of BEReve, S BB cobRES le RE Bign g eactive
ché@hikcalpdiréctip@rhdigtiorDit thé earfisle) emmtdbaions thexy@or the ieAr Deposition,

surface passivation_layer can also be fornmed over the .
maicsia EERRYFh 1B/ of meadification (can ke drefpangs ingromfinationay ity masking or
. ' he thin sheet of silicon/germani um based
hﬂ&%ﬁ#@%ﬁ%ﬁ%@‘Fgcan be transferred using a rel ease

| ayer. Sonme processing can be perforned onto the

silico oi | Pni r to releasing the layer fromthe
Egﬂgﬁgﬁé£££3@¥ﬂﬁﬂﬁgﬂgghe _enbodi nents, a passivation
A bBASYoIaRdp el toBrdriily Bbs b SHINaBELET PRotb Rl OPelRUEAABIed onto an
after deposition and processi'ng. The passivation

apprayeate sebstivetutkepuk eleegtdcallyi enpnestght Foraxanple, seiconductor islands

deposd tion, ,.CVvD, PVD or the.like., Texture can )
caf OB Mo L) i 0B ity ofepmirent | a8, Blempyvely, the
serh@¥hdlictorgstaitfurbasah Ved iformddayer iddieidphlaceith @Ad tdikhored onto a
sem conductor surface, the surface can be attached to

projeqtivg sageh pligriseparpis fommations bt largeshptte of@ptegalymreforasd. hese can
. b . ) | )
be ?gt #rlgklemdwulﬁtﬁ% caﬂe\Qlth tg%i uér%!:@ﬁflg?/ é‘?%? %%g&%ﬂagﬁnﬁglyaﬂcg@ eelements.

ease e semc tor sur
Thefsemivendwnorcsladde tar be dorniddewith elepiral stasades, dopatithend the like

.photovoltaic cells. 2Q In these various enbodinents, a
willIRE PRt Sratee PRoLR s Laving PIACERRIGPP Bifiiransparent front

surdatRst aE ndividhaPlell¥d hROMCcHEANS iREfcbAtkcIddCin series, in parallel or
sem conductor with a rel ease l'ayer. It can be

comibiiatierns| thereof. f Suitabdmoemlayere, wsiddkyers, renmapsukintsgind thalige can be
sheet to facilitate uniforny.ty can erformance .

s R spRlel iy hieRlo e mbimbn 0 whEh' G5l RERDaqugr sheet is

trafdfbrréd &P RrohaidLifbeelei®, tHS réleds8dhRq i§iré@dvedl BE fractured at a
cells can be cut fromthe sheet once the desired

selggtod stase dusing dhe peacessang ¢f thgpperdce. However, if the semiconductor is

directly deposited onto a transparent substrate, no transfer of the semiconductor is used to

form the photovoltaic structure, and generally no release layer would be formed.

In general, a solar panel is constructed such that light can enter the panel and strike the
semiconductor material. The charges generated from absorption of the light are harvested
using opposing current collectors. The surfaces of the panel generally are appropriately

sealed to protect the materials from environmental assaults. Appropriate wiring can
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The cells can be cut using a di anond edge bl ade or

ot her nmechani cal nethods. However, avail able |aser
cutting techni ques provide for particular conveni ence
especially with the 30 real tinme determ nation of cel
pl acenent. Suitable |aser cutting systens are
avai l able from Oxford Lasers, Inc., Shirley, M\, USA,
and | PG Photonics Corp., Oxford, MA, USA (Ytterbium

erating.at 1070 n wel | s ot her
proef&%@@ewgﬁ SORIREUQNS e dhey gel Sc@?ﬁ be fage geﬁF@r Hrspse e electrical
cor‘/&uu]vﬁ)h t@f fle s'eﬁl%lnam&t maflRer, etk Qﬁc&p&htﬂea&biﬁartﬁ%h%h the bulk of

substrate. aser cutting approach may cut
thet mwwmimspa megterial u bkt patieulst, |tlgeh siligonig¢riomiungkhazegi segniconductor
he transparent substr

i PP S O b, R SBTRLSdcf d bt on o

coRRitidil tdrieR8mple, £6@ LIS tEduP e xnerfRsPembef or e,
after or between steps 5 relating to doping of the

contacts. Wth the front surface bound to the

F 011 go%;‘?% %ﬁ {gwrrltléib 2 esgzsilélta q?e ug)ea lgertg ﬁogm 1c?n/geer§rlsal.nhudn selxﬂieconductors

tha$ bfelt@iinutoesal s rretm\am cSst bﬁﬂﬂdtltG@ tHiy sinBe sdrhigénduetoradi@r?hat are too
As shown, nine photovoltaic ceIIs 660 are located on a

thin TaA% gIg eAsordoa Kigsised amovpbof ligber Thysg 1posomgy empadiments,  the
|
sTPSFREM B £u58) B PR 352t W ERRLAR B w2

migras 30 \ahoutol00 @mjcesnst &8 sork embodihes, fotrhabout 3emicrons to about 80
.phot ovo cells duI can have dijffere ) i
mi B%e‘Ps{t“G‘%e’b GEDURIy Ao abg Qut & JRIgrops tola&%%vemra% and in

addifibnal eﬁ@o@ﬁ%@svﬁéﬂl%bﬁutcﬂnlléenszé aBB@ttWﬂi&@ﬁsC &glﬂls&n oP8rdinary
kBhotovoltalc cells, 100 photovoltaic cel
SK1

Hotthe etttillcrecesriizs thap addiporl wanges af ¢hez:e¢drgglel hickmessewithin the
[ Ki,l | in,t t W
xR GRS aBhveare Siteipesitare inhdle Msberbisclomser o

photovoltalc cells in a nodul e between these explicit
nunbers are contenplated and are explicitly wt

In genergls e aprenthly of ‘e‘ﬁl@rreaneISrﬁ%pltdledv%lrsoap selbie rdégcrtb@d further in
U.?.gt’ﬁéntcghg%,g?@ nMoﬁEﬁl%t Et' Qlal erftitfal & 1 H\ﬁo g’," qu‘%d Patent

ave dlf erent pl acerents tor e rica
6,300/185¢¢ Katabke eedlecehnﬂlﬁhTSOMr(IedﬂcMedmieﬂm iSsBatantchmt)ﬂ and U.S.

Paiei ha0iss L ORE Ford b £0iedy SR Al ippyed Sear Cell,

MJHRELS lah eMet‘l‘l@ﬂs‘i‘ b Mdnhfeféﬁfﬂm &h6 ®AMRM AN Four LIARRIY st Ercorporated
confacts to the back surface to facilitate handling

hergin hyheeférendes Thefté¢achingsnin thasskpatants candemdapted §orrthe construction off
a oaches for e formation of ot,ovo. C ceIIs is
sol RERIRBES Sp hBine il senD bR E Rse RS e hee

application serial nunber 60/902,006 to H eslmir et
al., filed on February 16, 2007, entitled
In gesstlolroforai & piepYolsid morue deom sohiar sheeined §liggpdgermanium-based

sen?lg?rgc?%gog,g 9 leﬁge Iﬂ)%? SF S can Benﬁ)%gc? 3k %g.n iﬂ)%r& g t(p ¥orm the entire

module. The silicon/germanium-based semiconductor can be deposited directly onto a
transparent substrate, such as a silica glass layer or the like. An additional passivation
layer may or may not be deposited between the elemental silicon layer and the transparent
substrate. The passivation layer can comprise, for example, silicon oxide (SiO,) or silicon
rich oxide (SiOx, x<2). The passivation layers generally can have a thickness generally

from about 10 nanometers (nm) to 200 nm and in further embodiments from 30 nm to 180
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Display CGrcuits and Qther Integrated Crcuits Forned
From Sem conductor Foils 30 Thin sem conductor sheets
can be a versatile substrate for the formati on of
circuits for displays as well as other integrated
circuit structures. The silicon/germani um

sem conductor foils can be fyrther processed with
phot ol i t hographi ¢ techni ques and 76 optionally al ong

wi th. ot her patterning_approaches such as_printing.type
nmy @Eﬂﬁbﬁ*ﬂﬁ\eésemthoﬁmw frogy, p@mm 4o JROeNm of FrbplsAasEREPY laver can
ﬁ,lrﬁJe?f{fEr{&i%? 8- & antirbR (L lBaddANAl ﬁér%{en §)fT Erindel %Hﬁl?fnsthe art will

can be ornmed that can used for t ormat1on o
recpguine dhiatt dddationas ganfjes pdfathickaesses syitthn | the geplicial rangdsi above are

i licon/ germani um based seni conductor,_.sheets cap be
conapRIE it frco MATI A RFRR LSHONH St eThY StUere 4 the transparent
sublsBhteR8# bk AKRiire® Pridr oGP AEFRIsHioh Psdesat Rgprgﬁﬁa@ egleeSSMexturing

be patterned to formtransistor or other circurt

aregiepgrdredrabave.| In general cthe tefituning is trangferred through the passivation layer
il i con/ger mani.um sem conduct or s,can ke thinper, such
an(I:’1 {Shré]ua@i z(r%goraa 8%1%1100?2}%; sguconductor Ikl‘yc?f(ng‘srse?r syrface ‘passivation layer

carl 415676¢ foRie® bvédthe sdmhikspducmnshet.or s usi ng
phot ol i t hographi c techniques from10 a thin
sem conductor filmis described further in U S. Patent

0 ' , i y j
o GRG0, SRR Wil e L GG
senfieonduetod ucino be Deatistezredndsivet haecleade Myoarf aSdme i procdskiag can be
ame," and U.S. Patent 7,115,9Q2 to Yamazaki,
perf?fmemog&o 3195&@9? SOIbpPLIQ Teleatng ealwrﬁméﬂ relgpse layer. In some

emiyBdiHeAR! W pAGivalidiE 13RFBind/oP Abktulhg W inkItedldh the top surface after
i ncorporated herein’by reference.”15 Wth respect to

depwattioarandrerocessipgnt Theapassivation tayducaube depdsitad swingacght reactive

cefefiRl EVIRIPraiE Bl R i PEoBR AR sy el Biing or he

liké.aOace bay &kturily &idpdséivatiipapér A€ ipkRed Bn théisemiconductor surface,
enbodi nents of particular interest, the dopant is

thequrfpcretan e Atiachedde garnsrasent pbagaten kor expmpls uskng ageadhesive or the
likdl $R , %l?edreféabyﬁy a'nrbgus%éré(ﬂo feﬂalﬁjsee{he s,:ﬁli(éoghléc%{?r layer. The back
resoldtion over large areas Is preséently readily
suréacaiof &l sematond0Got can8hén bipprocessedintd the phdegolndie célts.
pattern 100 to 200 pitch lines with single drops to

cover the |l aser scribed holes. Al so, inkjet :

In tB&E! vHrioRs drdbG b8 Uh NgnliordiBIoP Vedieet THO ahdHbPed to a transparent
general Iy can be used, wth one ink providing n-type
subgtrptgrwish os wdthouss trasderphg thruseminaliductonvsting esleasedaydne It can be

se d ink providing p- e dopants uch as.boron. .
deJRBR fob B SIS OR R frorB S RHE Tirds sPeC T SR SRufppmity can
perffdtabadiciderisl $6dhé hddules TRAABGNRIuGS celiSIchy BE COfrdh& large sheet to

desired dopant atonms to the exposed silicon. For

selestech§d?®s; phosphorous or boron containing |iquids can

The cells can be cut from the sheet once the desired division is schematically mapped.
The cells can be cut using a diamond edge blade or other mechanical methods. However,
available laser cutting techniques provide for particular convenience especially with the
real time determination of cell placement. Suitable laser cutting systems are available
from Oxford Lasers, Inc., Shirley, MA, USA, and IPG Photonics Corp., Oxford, MA,

USA (Ytterbium lasers operating at 1070 nm) as well as other commercial sources. The
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be deposited. In particular, suitable inks can
conprise, for exanple, trioctyl phosphate, phosphoric
acid in ethylene glycol and/or propylene glycol or
boric acid in ethylene 30 glycol and/or propyl ene
glycol. In sone enbodi nents, inks |oaded with
inorganic particles can be posited to provide the
dopants. For exanple, the inorganic particl es can

onpri se doped silica. d SI C | asses have been
celfoaly gegom VP%PV‘%?%FE%COP egtza hﬁ’f? {BuBF (PSP substrate. The
laskhS bﬁlﬂng Qﬁﬁr%laéﬂ Hﬁgfc%? t6 RS BERSIRIt sJﬁ%?rafésggml?/'M'ﬂﬁut damaging

partl cles can provi de simlar or mance
celépenfdrrelaphm&)llong hsat;l;nealpahsparqp pulstreteasainfairs itsteechanical integrity. In

ting. .5 I i o2
s s B et P kriRoist b R fnahes pbRFtvetn sieps
rel F npQfld &htackased appr oaches. Methods are
avallab e for synthesizing inorganic particles in
commercial quantities with high uniformty u3|ng
with 3 156 S RAC WY . ASFuBHh Sl Bk W of

seldfcbﬂdi&tdrhe exgaed fdil‘fulttlﬁ)erfpididélsilﬂg Ph¢ §thin@® is sHoddedchematically in
lysis is useful in the formation of particles that

yr

F1%§r é?rﬁn& h i shomm, inipec Bhqsealtai o pells @00 asﬁskoaatpd (9t § transparent
S €94l I

S Ry ielo Ry 24 FRKEVRILE AL 666 Bofef Hont passivation

layp;/ 604, yisslemldohdwtmela)aért&%land pdatk pziseﬁ/aﬁdsralayélaéfﬂ While shown with
i rab face rt| that ad to hi

mr&.@lﬁ@r@ltw cflis, Appguliciioye gt S ohPboaBaaigeells, such as

1 p?lbfd’!@ttbifz Q8H, 108bHRRIRIce1E rZSW[&%ﬁalefcef?@er gﬁ) fVoRAR cells, 100

be used. Doped silica particles forned
ph@tw@‘tﬁy@ P@ISh a0@ phetevolties eellsh é@DQ‘ phqtmtalqndlls&r 1Rattee M person of

ordlpfd Sl 8 48 D e e R b it aBiss B o, napoer of

phditef/@ltetidﬂ célls idad ﬁqbdhleibefv@édﬁ&ﬁesféyexbﬂ&e huRBER ¢S téntemplated and are
&Qnerally have appropriate surface chem stry to be
€X

i%%k“@h@ih?Pﬁﬁﬁ%ﬂﬁ?@”@@ncentratlons The stability of
particle dispersions can be inproved at higher
concentrations of particles through surface
In pardichliac approaches td bala2@elpdesigng Iemtnchhccgﬁmx aidn b¢ Hesigned to have

f t' f th t f th
PGB gty e e el cp L uence tne P
regwi’éﬁnst Bﬂlogé‘d trégiJn%Sarﬁleiﬁﬁ-@ﬂﬂa‘t’e OERER LoRELtdRe FFth $RdcEssing of thin

pr oac as the post synthesis processing.
s1l@@mre°01ésj dewée«hchmeue ihgemtbe, canvenienisto apply tberchaiattartosthe back

i RN AR G B b RSB s o

thea femibibal m@hbﬁl’v@l@gb delle 14S @esefib&d!rfiAk® @D copending U.S. Patent
nodi fication agents that chem cally bond to the

applicetion seria ke . 0081120061 o Hinskaaie et gbdfitadcen iFebruary 16, 2007,
b |
o B PR O SIEIAR! S KIS LRy, Process,

incpgrotrated hﬁemhjy(m&herma. O Si bond. In particl ar
trial koxysil anes

Display Circuits and Other Integrated Circuits Formed From Semiconductor Foils

Thin semiconductor sheets can be a versatile substrate for the formation of circuits for
displays as well as other integrated circuit structures. The silicon/germanium

semiconductor foils can be further processed with photolithographic techniques and
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form stabl e bonds with particle surfaces. The side
group of the silane influences the resulting
properties of the surface nodified particles. 30 To
formthe inks fromthe inorganic particle dispersions,
ot her additives can be included if desired, such as
viscosity nodifiers, surfactgants or the |ike. Dopant

i nks for doping 78 sem conductors are descri bed

furfher in copending provisional tent .application .
OP%‘E’Fﬁ%Ia{O“ﬁL}?%‘é P%bp@%&zs@pma eélsg_%hﬁsr PIF?tFE%thB?u tecgmlogws- In
part]i@ﬂﬂﬂﬁrayshgetf%?%égisﬁﬂtele‘iﬂeﬁfg, el ORRH £ RERONG FT?%Q:ments, can be

Processes pi ng Sem c¢onduct or Substrates,
forined thap ozransed forethe formiayion of sadepakthidkngss tdeaplayeleiies.i ng
t he dopant inks, an optional drying step can be used
to renove solvents and/or other organics. Athin film
In Bériehal 2tHiM sBHEOREEmPnile Dasddnsinidorfuelo? Rhétd cditbé dbpositéd onto a
the dopant drive-in process. During the drive-in
persragpnt suhgiraie po o eredi ralensa dayee oarfetemposary shistiate. | o shdgk can be
e f 1.4 d eqi.on j si]l i can. .
poGERY i P 05GE SL00 AR 1k S ffoprgms. v
siliagogdrfaaiven S&hicdndiotdre cah bk URin@er, shéteadTBhvifg iavebinicroh average
.dopants 10 generally results in a Gaussian profile of

thigkgsesnt TherfopRgian of; e lgbiransigtory usep APiplhpepbls techniques from
a tl'gﬂ Rahic ﬁ&Jc‘t‘&tfrifnei 91@&%@{1 11e§ irﬁ%?S@'PﬁFeﬁt 5,98 PR6 Y Amazaki et al.,
esired overa 5op|ng evel . wever, 1I’'n sone
entgledodSereicbsductor] dher Hillm vardi Métbod erff Mamathctuirmp the Same and
exanple, wth a UV_ | aser, ch_as an exciner |aser
Serpicenduston Heyice et MeBpd 1¢f Mrmfiohriog ther Sreey fd S, Patent
7,115,902k vaeha@hkiS bt ile@ "EMctb IPRRARDERE 2R MEHID SrI@Butbeturing
to depths of 20 to 80 nm Dopants in the overlayer
thedhafrfe,i'skoth apwhich arqringonpheatedeheareid byireferamag. but general |y
diffuse very little past the nelted silicon. Thus, an
approxi mately step-w se dopant profile can be achieved
Withi iteBped© papdtteeing, elvhhdtdaf e ipesdiiced 1o thenahfaog ateay eloSg the sheet.
greater than solubility. Additionally, the bul k of
Thessddogainscsn hedpapedipng awentaddppaat widhheayoxen Basedeyfaser-based
i | : . i . :
o SERGE SR AL P! il iy SAEKY i s atver
in ahdaplante sarfingmk,atvbich @® bendispeadedutsidd) @n nindustmal siakjet.  Inkjet
emhodi nents with a shallow profil e, the dgpant . S
resplugey |°éf_ehia§g%tarqaé AS OBty reasily; ‘_?)‘f?i‘leblﬁeqt%&ﬁt t050Q i, which is
adédlﬁ%rlb patefr 0 &TROO Pstls URks WithhdiRgle AREPY tolQef Wik Bfer scribed
the sem conductor surface. The dopant profile can be
holes addroethkist iregplutidade nertinpingie iNpsevespBve indksgensrall Beamshe used,

. I -1.h I I It | it h.
with oy B Bl b RSB g B "L MPE Ry ndt Hion ana e

secbh@fnkiprevidiigf R e doyaits)Blich dstsedn, falusgine@in@for gllfiuin,
0.75 J/cn2 for a 20 ns pulse or 1.8 J/cnR for a 200 ns

pul se are suitable paranmeters for shallow nmolten
In ée‘;ﬁgfa?,%y reasonable ink can be used that is capable of delivering the desired dopant

atoms to the exposed silicon. For example, phosphorous or boron containing liquids can
be deposited. In particular, suitable inks can comprise, for example, trioctyl phosphate,
phosphoric acid in ethylene glycol and/or propylene glycol or boric acid in ethylene
glycol and/or propylene glycol. In some embodiments, inks loaded with inorganic
particles can be deposited to provide the dopants. For example, the inorganic particles can

comprise doped silica. Doped silica glasses have been used to deliver dopants for
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Sonme dopant ‘inks may leave little if any residue after
drive-in. Dopant inks using doped 30 silica (S Q)
general |y are cleaned fromthe surface follow ng
dopant drive-in. Residual SiQ2 and sone inpurities
can be renoved with an HF etch. The resulting

sem conduct or sheet has do domai ns separated by
poorly conducting sem conductor domains. 79

Addi.tion | ayers can be built u er the. ) )
 phQERo Bt s B RoeRber Topsstety WG sk AT i ik dapgd particles

L T e T

of fnkgetcpriteipgsi t i on appr oaches, such as CVD, PVD and the

i ke. Furthernore, spin-on-glasses based on silicates,

si | oxanes or silsesqui oxanes are 5 commercially
Do@h‘di!sﬂli@bgﬁdz)' partibiek BERPAIE San b formed fAMTBIRFIRA BBRHSOr solution

sem conductor inks can be used to deposit. o )
based gppronehest detheds@re avgilable Fasyrthesizies worgapisagiolestip commercial

ol i : j | [ T
anfipS SR RPA R BE Bte TR ERRE USRI i, B Bhich tigh
froflac int@naleldctitbagedt radiationesoproe akis8€ thet fendioghto rfoghe tigd particles.

t o deconpgse intq the_ sem caonducting

heat treatnents . .
L%PW&WSJS Pﬁﬁgvld%‘& foumation o aprticlek that geiHghdy wyform ipjcgpposition,
oA 8 Y54 POt R Sy s fo
exdaplentusiapplasgapiotysie thanl resultshér pafickB1 fheBchave desirable surface
pro%gg}%gﬁﬁa\éﬁga}d ti%:,]lpgh fg#%g%kp&?tg G k%%u ri%ﬁé{)'%@legr? 7ir'1toe etsilré set(rjuctures,

althdUpAr RREAIRFCes HETRIILIAY cdneh & L&AC eDogdiesiBed PRELIES RHned by laser

i nks can be deposited using any reasonabl e printing .
pywpysisolayRewen slagschibed furthier jielU.$rPatent HgR49331 Bt tonfdorne et al., entitled

" B R gﬁ and Q)g%%alf&%cegn%clf)ﬁ)%g%eg gfel.q? hg ?efg‘r% ce.

ppr oaches 'I'n comnpari son W graphy” and
rel at ed deposition approaches while printing can
achi eve npderate resol ution using existing technal ogy
Pagticlgs foamed: B dasen nyerlysis)eenrarlly Apyeodrpropgale sugipgesghemstry to be

dishera&d ia@r’rﬂ!}dérﬁ%?’ccﬁﬂ?ntpﬁioﬁ.edﬁlg st SEM ﬁﬂﬁ?@%ﬁsﬁb&gir?ns can be

tructures using [ower tenperature” processing
imponvdrdti loghdr pomrentsaiony efp patizlek ethrouphesuracb smodifiestion of the

and rel ease .l ayers. can be sel ected tp be conpatihle .
P%Cf'eﬁ- ! 8‘3‘&5%3‘&? ereaRTgPRLes oihe ajflmf%é iipench, icgiﬂeawn of the
pattidf8r PPh@tsufficd BRopeRicd dfi tH pdrBfied SeRE8ILE MpARI Bn the synthesis

smal |, inexpensive display for e- paper,” or a |arger
approaghl a8y welbrasvibg potisynibesis prIsessig. t Boge aptycet antivaiagemss, such as

for r nat of TETs..for display applications
B e T T S
soowehbodimahts £ ilebitdbiel prifpdriied aed J¥bdinddachiouphgthd use of surface

Transi stor,"” incorporated herein by reference. EXAVPLE

madifiqaipn ageaiepthat chermicelly handote e Rartisleasiifetey datifghle surface
modlifidaf6R aé&ﬁﬂncﬂl\ﬁ%f fofd e&%ﬁl@?ﬁkb%ﬂﬁnés?which chemically bond to metal

oxide and metalloid oxide particles through an O-Si bond. In particlar, trialkoxysilanes
form stable bonds with particle surfaces. The side group of the silane influences the

resulting properties of the surface modified particles.

To form the inks from the inorganic particle dispersions, other additives can be included if

desired, such as viscosity modifiers, surfactants or the like. Dopant inks for doping
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30 described. 80 These experinments were perforned on
an apparatus simlar to the apparatus shown in Figs.
8-10 having a configuration with reactants delivered
fromthe top of the reaction chanber. Wth respect to
the particul ar apparatus used for the experinents, a
cut-away view of reaction nber 700 show ng a stage
702 nounted below the reactant inlet 5 nozzle 704 is

sho in Fig. 27 age 702 is adjustable such that | ,
serfRERCie AERCFPB R RETS dbEOPaCE Bov OBk AHER GRbicHion seril
nu%nb&ﬂ&O/@%ﬁ@@ﬁﬁH@é‘lsrﬁQ} ¥ Gh @5{7110 8. dodMehfrieOn egg]gﬁpersions

i ght beam can enter chanber through openin

and Progesses fo7 @®ping $éngghondugtoe STdrates Arinentparated diateint bipeeference.
712 receives the beam after transm ssion through the
chanber. Stage 702 connects to an actuator armt hat

Afentepssitihiganb @bpaif Gnitsh m@ugﬁfom dHadPEtepehin bd hided GeMove solvents
separate view of stage 702 is shown in Fig. 28. Stage

and/grotherrasganiess A thin Ailmivegsa thickaess of lgss dhan aanisrdroeam bedeft for the
i th . ity er .7 d..on.th t
ot B AOPRORD. 545 HE MR REuTBTLBSLRLRE rve

int&theGalicoii t6 Fornia @opéd #gidnHasheasiedne rTHehdPRAn chh 8t herféimed with
724 and legs 726. A silicon substrate 728 is held on
hegting noan QYER decacseleptasplig shate diffysiony tTherpgpdrivesin ghdlopants
. g i ter of 4.4 :
e AR SRS AR, B OO SRl dcp
dopemasterctive gendrhldy sulbstinaitte obtairaa tiesifed patrall dopinf lakbut
800 C. Two coating runs were perforned. The first
- coating run deposited a silicon rich nitride rel ease

HokRY&! iR Boné REILSEHME, aUAscH @R lit edp&iorided) Fdr&ample, with a UV
silicon. 20 During a run, the stage was noved past the

laserg su¢he ad ag yexicameyr lagerpaBxsameniaser pulses epé@itdil®00ins can result in

Tabl - i.on conditi Jfar the pr cthon o
el gl BP0 SR PR 52045 5. Dopan
in tepoeilbya@ndiffose pipadignitedhe Mmel@Blsdichbn, B& dohBlally ldikfasevery little
Power (watts) 1800 Chanber Pressure (Tor r2 100 )
Pas@@ﬁs@Flg?délh%‘Wp etsupagpreyimaaly Sepydsesinnant prafilsecandy achieved

withHoBhtt conCLRAtinSF6 AP Racih P R els HE6M: (RAPsolubility. Additionally,
the bulk of the silicon layer and lower layers remain at or near ambient room temperature.
Thus, a heavily doped contact can be formed with a shallow profile, with thickness from
about 20 nm to about 100 nm. In some embodiments with a shallow profile, the dopant
profile has at least about 95 atomic percent of the dopant in the semiconductor within
about 100 nm of the semiconductor surface. The dopant profile can be measured using
Secondary Ion Mass Spectrometry (SIMS) to evaluate the elemental composition along
with sputtering or other etching to sample different depths from the surface. Excimer
laser fluences of about 0.75 J/cm?® for a 20 ns pulse or 1.8 J/cm? for a 200 ns pulse are

suitable parameters for shallow molten regions.

Some dopant inks may leave little if any residue after drive-in. Dopant inks using doped
silica (SiO,) generally are cleaned from the surface following dopant drive-in. Residual
Si0; and some impurities can be removed with an HF etch. The resulting semiconductor

sheet has doped domains separated by poorly conducting semiconductor domains.
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Si Ha sccm 50 Deposition Tine mn 81 After the
deposition of the release |layer, a crystalline silicon
| ayer was deposited according to the conditions in
Table 2. TABLE 2 Laser Power (watts) 1800 Chanber
Pressure ton 100 Substrate Tenperature ('C 820 Stage
Speed cmmn 10 Argon (sccm% 700 SiHa sccm 250
Deposition Tine min 5 5 Foll'owing conpletion of a

oat i run, ubstr at eared to_have_a uniform
Adé‘r“é?w E‘%&?R cay ?%Hgt R PY¥Ed ‘ﬁ? ﬁgfﬁlz‘fﬁ? uctr sheet; hEhegg pigyctures can be
foryaﬁ ﬁfnb'&g%rﬁlghﬁrseﬁ‘ﬁ@onﬁh&b} 8pdsitioh HRoceS3REGR s g)ﬁcl)tgpthogaphy

el emental silicon. The coating had a thickne
w1thqﬂg>mr75150and1 sirfane bawdt depasipion appropcluss, aimbuss 6@’%, Pd\éD and the

. d by scannin ctron cros SE

ik DR SRR St Bttt PHEH Ry SIBarenrr |Upeshpicggres are

coththRFHIE dVaRab1e fRasEilha¥aics, IAc.t [ SomedHstimemt, seficonductor inks
phot om crograph of the top surface of the resultlng

cars bg cusad f &1 | depesit heemisomdnctaat @rdcyrserfovihati reami e popcessed  into
mh}p&ggel%czlnﬁllﬁ? Q?segugrpgc%g?% rm%u?e R tdr%tho&o afl% s\P'oﬁ sﬁ%nes can be

separ I*ease ayer an ract

usedaoiém thesd funborad hrﬂc&&ﬂaﬂcalybé pEotBsseé t1x66gh moterafetheat treatments
substrate surface, Fig.. 31 shows a fragnent of the
to deqompgse figip| the spmicendertinggnpieral- 13113%%4 fgrciionat; igks gomprising

hlgtﬁl'}ﬂ(\%cﬁ%e\gr CO#;&#'gloangsf wﬁtn qo&' éﬂ%ﬁ:@ﬂ)f Qxfosﬁ in¥in m%g e \%chlbed further

correspondi he re
in tdpendltag daSePatayteappli¢it@nessnal hmahér%()ﬂﬁi\[B 6altoeDlo|utrﬁn‘d edal., filed

on ERBRis 200 encteg 1 Hrgtinaalinis d Rnaicgane  ireot,” incorporated
her@int thioiéeheddee THeSSRAELHIHAY ﬁﬂkts @b é@opdgﬁ&f‘usﬁ%) ar@el%ﬁgdngﬁg printing

with reference to particular enb ment s hose
apprkadheg cuchn as fnk jst pnmmg Pactogghiapneoaches carhbm tret amhlespexpensive

ap&ggc%c% th é g-ﬁégrfgggwq ! kolmlgré]%)% a%?ipr dn(ﬂ:R%glP 0 Epgntroacges while

SpITi pe o
pnbt&‘ngr edre aeﬁ@@ mbdek@ceumeﬂhﬁorah@lvlg dx$st1|ng nfb&}@ldld‘gycthaﬁ Radxpected to
subject matter is_incorporated that is contrary to
fur{}]%u@pgﬁyq: cAisogthesq fyagtienah ks ican be used to form semiconducfor structures

using lower temperature processing than conventional processing approaches. The

substrates and release layers can be selected to be compatible with the cure temperatures
for the ink.

A display incorporating the thin film transistors can be a small, inexpensive display for e-
paper, or a larger display for various uses. Photolithography techniques for the formation
of TFTs for display applications are described further in U.S. Patent 6,759,711 to Powell,

entitled "Method of Manufacturing a Transistor," incorporated herein by reference.
EXAMPLE

In this example, the formation of a relatively dense silicon sheet over a release layer is

described.
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82 dains: 1. A sheet conprising crystalline silicon,
germanium silicon carbide, silicon nitride, doped
mat eri al s thereof or alloys thereof having an average
t hi ckness of no nore than 5 about 100 microns and a
surface area of at |east about 900 square centineters,
wherein the sheet is free or ree al ong one surface
whi | e bei ng releasably boundgto a substrate along the

o§%05|te surface. The sheet of claim]l mhereln t he
SXPCEBIRS WEE Reripsmad IR apRaratEh similgy tg the AEPAHMEShown in

Figf 8CI|0aher ?Q%Bﬁgﬁ}aﬁér}ﬁ wethYRh&thrt! '?1%11§érled \?a]'t}ﬁ to of the reaction

pol ycrysta e sheet o aim 1 wherei
chahpart Méath mspewm thgepartidutdcrapparafus arsed fmithe Eﬁpcmmerﬂts; a cut-away

.about 50 mcro The shee f clai wherein .
i g seben 1B her TP B de, FAES GAZiMOwTid kAigke tecieggant inlet
nokA€ 764 s iHoweinOfig] £35S Stddaroake H@JuQaﬂﬂe GLew %1aW'tHehd1§taﬁce from the

centi neter edge éexclusion. 6. The sheet of claiml

subgtratectiorthe enterhefethe lightabdane earsbe a@‘.lvsrr:@ betwzgn 1, m¥h® 20 mm. The

o580, S 18 DLl LRGN o BT o0

Amnbér Bt thbe7 Ehaetivbathedbedinnafier thanGaissibe thidugH Hiel dhamber. Stage
|l ength of at 25 | east about 30 microns. 9. The sheet

70 corniesis e an aFfEater #rm that eniers ichambei 708 thipugh ageatesrport 714.
nmobility of at |east about 5 cnmiNs. 30 10. A nethod
of form ng a separable inorganic |ayer, the nethod

A sapapité siengof dageoR)2tis showun in By @8niStagenl @ d:(ﬂhprisre@ Mstainless steal
reactive fl qver _an inor c underl aye a
SURRABSPIALRTER PG e tbﬁ@nuwtfr@rge%&%r Réapytied pa tapupgpg platform.

Thk ‘Eofbnsrﬁin\ﬂ% 'Tl'éat(ep@'és gﬁ%e@ RonflGEIAr RN ?Ieaﬂef‘ I DRLY zpwafer shaped
mat er i al . The method of claim10 wherein t

platfmndamaod rlwse7r2|6aIA sidinpr Sld:tssat@rﬁ&lahblldm the tdp smfape of platform
724 %ﬁﬁ%‘ }%“7 %q?z!énrdl e;gc*%goﬁaal rlgs%tate J{ljh afé}lartngtlexd 54 ch

mat éria

During the deposition process, the boron nitride heater kept the substrate at a temperature
of about 800 °C. Two coating runs were performed. The first coating run deposited a

silicon rich nitride release layer and the second run deposited crystalline silicon.

During a run, the stage was moved past the nozzle 1 cycle or 2 passes at a rate specified in
Table 1. The reaction conditions for the production of the release layer coating by light

reactive deposition are presented in Table 1.

TABLE 1

Laser Power (watts) 1800

Chamber Pressure (Torr) 100

Substrate Temperature (°C) 820
Stage Speed (in/sec) 30 cm/min

Ammonia (sccm) 400

Argon (sccm) 500

SiH,4 (sccm) 50
Deposition Time (min)
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5 12. The method of claim 10 wherein the underl ayer

material is soluble in an aqueous liquid while the

inorganic material is insoluble in the aqueous |iquid.

13. The method of claim 10 wherein the underl ayer

material is soluble in an organic Iliquid while the

inorganic material is insolqﬂle in the organic |iquid.

10 14. A nethod for form ng a separable inorganic

| ayer, the nethod conprising deposjting an inorganic )
Aftepithe jdepositien Oénglanfféqaﬁ%&@ferﬂat eptalling a91lieR) dayshrivas dgposited
acBfdifi td BREbndiAGAU T4RREr cent. 15 15, The met hod of

claim 14 wherein the 1 norganic |ayer conprises

silicon, gemanium silic®ABld Bi de, doped material s

thereof or alloys thereof. 16. The nethod of claim 15

wherein the underlayer material conprises silicon

oxi de, sili don makd péwle(vRks)ST 1[I con 1gpoyni tr]i de. 20 17.

A structure JOorgnmisr Pgssire Pbtir 1 1 Ty mwb pat tjer ned

i sl ands of a |fSubshte Teyerpard @C)Materig@b  w tlh an aver age

t hi ckness of [noSta@rsedil@vmapodt 10010m crons, the

patterned isllands Avginitgem)l ocatied on70bop off a | ayer of

a second i norlgani cSiHatem) al wher ei 5he second

I nor gani c t elPépaditiondmpr(mges [a tradsparent substrate

or a release layer. 25 18. The structure of claim 17

erein the.first inorganic terial conprise .

Folliying complgtiorahi 2, FOALT M TEaPHiSHEte ARBAIIN Py wniform
gralyWedcR0doafifig atrosy thet LMEODS thkSwaflNETHE kilicbd Bl fwas|sahifar to the

17 wherein the second inorganic material conprises

expgitef cgloray elgraensal stlronA Thet ensting bad pdhigkirgs &f reughty S0 microns
.k ec . 5 ri .

il G RrthRef MO PUE of MRl 19, SRR Heliof migrogpony SEMD. 1
wat lobsaped elﬂatt satlestleatieity %sbairﬁciaitetonﬁi;hﬁd thé releadenax€r in this
,reint etransparent substrate co rises,an,, .
emﬁhﬂfgmahi A phtgaicrogiaph of thenopivefacs ot hei srulingysibican foil on the

subdEReSs Shhh GPPRY b6 eFi '3r0e§1:15{v$ ShledRApldrY & Iﬁgh% of2the silicon foil

havi ng product "conpositions forned fromt reacti on
sepafatal fremahé veledst dayer 23] fidttarede tReovhaots of itlad relc@ge lalyer @inrbe seen

on RCHBECGF B 28 Wyt FREBUA At ey DR Pl rom the

subaamRe! I /58 S35 kdwesOfhe Qinderside of the fragment of Fig. 31 with the lighter color

corresponding to the remnants of the release layer.

The embodiments above are intended to be illustrative and not limiting. Additional
embodiments are within the claims. In addition, although the present invention has been
described with reference to particular embodiments, those skilled in the art will recognize
that changes can be made in form and detail without departing from the spirit and scope of
the invention. Any incorporation by reference of documents above is limited such that no

subject matter is incorporated that is contrary to the explicit disclosure herein.
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10 doped sificon. 25. A method for formng discrete
i slands of a selected area and an average thickness
of no nore than about 100 mgrons, the nethod
conprising cutting a | arger "sheet secured onto a
substrate to formthe islands with the selected area,
wherein the sheet conprises a 15 crystalline
(jﬂﬂﬁrganlc material. 26. A photovoltaic nodul e
conprising discrete islands fornmed by the nmethod of
claim 25 wherein the discrete islands conprise
1. cr yAtsheéti compsisingeapstalting siliabi,i geemgranmasilicom oarbide, silicon nitride,

ot Eete erBp L AR RribeioHb FOARE &n igrigr dRieRnesy of o more than

abdit 300 BYcroRRId a?éd}%c@ a&@@f%@ieaﬁlaﬁﬁmo%qga@ c@ﬁtﬁﬁé\kﬁst Wherein the
of light emtting el enents i ght "'em ssi on of

sheghishres! emizer aloag wge ywdee whnb,e bo:mg r@baseblythwnd dmiarsubstrate along
control elenment conprising a sheet of

| t
ﬂwzws&%%ﬁwgé?%anlun}based seni conduct or having an 25

aver age thickness of no nore than about 100 m crons
wherein the sheet is patterned with transistors
2. opefapsheet of daippt whereyd the shees cempiages crystalline silicon.

3. The sheet of claim 2 wherein the crystalline silicon is polycrystalline.

4. The sheet of claim 1 wherein the sheet has an average thickness from about 20 nm

to about 50 microns.

5. The sheet of claim 1 wherein the sheet has a standard deviation in thickness across

the substrate of less than about 5 microns with a 1 centimeter edge exclusion.

6. The sheet of claim 1 wherein the sheet is a free structure.

7. The sheet of claim 1 wherein the sheet is releasably bound to a substrate with
adhesive.

8. The sheet of claim 1 wherein the sheet has a minority carrier diffusion length of at

least about 30 microns.

9. The sheet of claim 1 wherein the carriers have an electron mobility of at least about
5 cm?/Vs.
10. A method of forming a separable inorganic layer, the method comprising

depositing an inorganic material from a reactive flow over an inorganic underlayer on a
substrate wherein the underlayer material is soluble in a solvent that does not dissolve the

inorganic material.
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11. The method of claim 10 wherein the inorganic material comprises crystalline
silicon, germanium, silicon carbide, silicon nitride, doped materials thereof or alloys

thereof.

12.  The method of claim 10 wherein the underlayer material is soluble in an aqueous

liquid while the inorganic material is insoluble in the aqueous liquid.

13.  The method of claim 10 wherein the underlayer material is soluble in an organic

liquid while the inorganic material is insoluble in the organic liquid.

14. A method for forming a separable inorganic layer, the method comprising
depositing an inorganic material over an underlayer material having a porosity of at least

about 40 percent.

15.  The method of claim 14 wherein the inorganic layer comprises silicon, gemanium,

silicon carbide, doped materials thereof or alloys thereof.

16.  The method of claim 15 wherein the underlayer material comprises silicon oxide,

silicon nitride or silicon oxynitride.

17. A structure comprising a plurality of patterned islands of a first inorganic material
with an average thickness of no more than about 100 microns, the patterned islands being
located on top of a layer of a second inorganic material wherein the second inorganic

material comprises a transparent substrate or a release layer.

18.  The structure of claim 17 wherein the first inorganic material comprises silicon,

germanium, silicon carbide, doped materials thereof or alloys thereof.

19.  The structure of claim 17 wherein the second inorganic material comprises silica
glass.
20. A method for forming a light receiving structure comprising depositing a

semiconductor material onto a textured surface of a transparent substrate.
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21.  The method of claim 20 wherein the transparent substrate comprises an inorganic
glass.
22. The method of claim 20 wherein deposition comprises directing a reactive flow

having product compositions formed from the reaction of a reactive flow.

23.  The method of claim 22 wherein the reaction is driven by absorption of light.

24, The method of claim 20 wherein the semiconductor material comprises silicon or

doped silicon.

25. A method for forming discrete islands of a selected area and an average thickness
of no more than about 100 microns, the method comprising cutting a larger sheet secured
onto a substrate to form the islands with the selected area, wherein the sheet comprises a

crystalline inorganic material.

26. A photovoltaic module comprising discrete islands formed by the method of claim
25 wherein the discrete islands comprise crystalline silicon, crystalline germanium or
crystalline alloys thereof and wherein the substrate comprises a transparent inorganic

glass.

27. A display comprising a control element and a plurality of light emitting elements
with light emission of each element being under the control of the control element, the
control element comprising a sheet of silicon/germanium-based semiconductor having an
average thickness of no more than about 100 microns wherein the sheet is patterned with

transistors operably interfacing with the sheet.



