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THEV Sl LI CON OR GERVANI UM SHEETS AND PHOTOVOLTAI CS

FORVED FROM THDV SHEETS CROSS REFERENCE TO RELATED
WQERPIZI1@ATE ONS The application clainms priority POI/US2007/006357

copending U.S. Provisional Patent Application serial

nunber 60/ 782,115, filed on March 13, 2006 to

Heslmair et at, entitled "Thin Silicon or Gernmani um

Sheet s and Photovol taics Forned From Thin Sheets,"

i ncorporated herein by reference. FIELD OF THE

T SICICON UR CENFOLURO GrEETS b PHOTO Tt AL ORMED
ger mani um al | oys thER@@!Tﬂﬂﬂ$EEﬁT§arblde or doped
materials thereof having a |arge surface area. The
invention further relates to nethods for forning free
st andi ng

I nvaRg ia@;ﬂuﬁh&p craﬁhﬁbﬁ@r Qo %bpéhatngrws pﬂmsw@r RhteMOA pplication

sl et RRPBOA1S.<FER B Mol 50008 A LA npaled " Toin

Sllﬁd’(’b& fog @ferrasrdurn IShgéts hihd Bhabquhﬁﬁ (F"vbﬁhécHanﬁ’Elluh Shegts]" incorporated
%§f§¥ control |l ers. BACKGROUND OF THE | NVENTI ON
TF5& silicon is extensively used in the

productlon of integrated circuits. For these

applications, higheplid b¥ 19HE hePEnTioNsed: Cer mani um

has been suggested’?ET?ﬂT?ﬂﬁT‘TﬁE?FV“To silicon as an

i noAgarinentemirelates| e tiin shegts, wiely mayclr &ee siandisg, 9§ elgmental
silcEr, pﬁ&fler{tﬁ SPIERLA oyl thired sfiidbn %ﬁmd@%%‘ﬂe@ Inaterials thereof

applications, large cylindrical ingots of silicon

hayiap @ largeysugiaee aedwrlheyiRyemmion farther irelatgs t@ megiads or Brwing free
stah@ﬂ%véh@é@l withf 16528 @lrfack! SBEhsf OrThk NinO&HtRheAls€ irblttstto structures

) ucti on using. photol.ithography and the |
mwafg‘& %W%ffg Tty sdicgpy st ea&eﬁzgem@aw °3€HE?FF%aF“‘°°"
caibaRObr WEPAE niaterial fitbr@TysnidC 8 purdiotlar PapsoIitdiorells Whd isplay

|q@#TaS|ng costs and undesirabl e environnental effects
% he use of fossil fuels and other non-renewabl e
energy sources, there are growi ng demands for
alternative fo?ﬂg—#&%ﬁiﬁﬁé;r1#ﬁiu ol ogi es are
avai l abl e for CRER el JhUtUVU#@gfc cells,
Le. Crutillare stladoings extensiyedy nsed imthequodmstion af integrated circuits. For
thBE ApAibR! GighChbetty HificoR3S (e e GR has Ve A36¢ksted as an
comherci al T za ternatlve energy sources relies
alterpativedp shispmap anoiserzanic éE‘NCV’éh’éE’S forrintegrgted |cisgmis. ish gespect to

coﬂﬁfm&ﬂesrlﬂ%nuﬁirtseni@@nﬁﬁh&agpﬂ@aﬁﬁﬁ' eyed c§lhfd911é9hmgots of silicon
i nproved efficiency of the energy. source. and

genqiallyugs Srewpy @bﬁbt% §liessy tonfem rW%fF‘§ a‘ﬁé“’tﬁué’cé@?ﬁn@‘e used for
intdgthied JirRbit roduRtioN AUsingi phdt@lthogriph® 41 @et meeawﬁylvwmbemmble

e S LSS peN Sl A, COIMELSL O SELLCLeNR 9L.13 0l e ciions

With increasing costs and undesirable environmental effects from the use of fossil

fuels and other non-renewable energy sources, there are growing demands for alternative
forms of energy. Various technologies are available for the formation of photovoltaic
cells, ie., solar cells. A majority of commercial photovoltaic cells are based on silicon.
Increased commercialization of alternative energy sources relies on increasing cost
effectiveness through lower costs per energy unit, which can be achieved through

improved efficiency of the energy source and/or through cost
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cost of producing a cell. SUWARY OFTHE | hTVENTION I n
a first aspect, the invention pertains to a sheet of
wa@eopgtiadshi ne silicon, germanium silicon car bi BET/USmPEA6357
materi als thereof or alloys thereof having a surface
area of at |east about 900 square centineters and an
aver age thickness of no nore than about 100 m crons.
The sheet generally is free-standing, although in sone
enbodi nents the sheet may be reversibly attached to a

redUEtfn! BF MatefiaR aﬁﬂ%\h fcadstrgherndk| fof @ Phédvola: cell, thc objective would
pol ycrystal line ile the sheet js glene aIIy

bt RgREARS SnersY ey Fraign efiisiencu der ¢ glyepdishy %‘ﬁ%a“‘{’%f tg lower the
cosubsprodicing £ @dll. exanpl e, with an adhesive or a rel ease

| ayer. The sheet can be cut into a plurality of

el ements with very simlar properties, which can be

assenbled into a ;slh_ﬂmmYKEt@aNMENmm\Ia further

2”0 elpet St Eprely BF PR Hecdins T o o iRt el bHhanium,

sibembéadsde, diopeijmam:els itizdrep fion @lleysf thereoBhdvingsa $urface adea Tfiat least

A5t 300 SRR CARRARP R h " el RIS o' AThed G IS 100
miicrgnsy | The sheet ganenaliy ds ﬁa?etandlcaraltbevgh insomg moelmilfaﬂts the sheet
mbf? %E rév%rs‘%ﬂ& léﬁk&eh rﬂo 3 sﬁﬂén‘é?é“ Tﬁé“&&st&lﬁﬂe CitiSSPE N etret Ilﬂﬁycrystallme

rel ease aye | e not dissol ving t sep arab

“ﬂ‘ﬂlelt%rsb%l‘é &?ﬂ?‘é‘r‘? dtee stapdinge i desareq ép%rsh%ear?ab@e attached to a

sUbSRAS | fof dxdniEN itk 8RGkNedRe for QWeRAE 877, CIHENhb& RaR be cut into a
material W th a softeni ng tenperature greater than the

PR 9§ FERfY arith ¥eryr STEHIRS (REPReTiRS: Sthiche 67N benassgpigled into a
pivtbttaidpahd, the reaction vvlthl n t he reactlve flowis

driven a light beam The .silicon
o s R Btion fEpet fq  Fef ok kb 4 RaRe laver
of hﬁécﬁofgenﬁdr&ﬁn §1hﬁ)naﬁarlﬁiﬂﬂ(x$dpbédndtaj&’d’ ﬂmf lbaaloys thessof. The

t k. t t
w83 il et Advariad ot f Heifie® AR fehaeleese fager on @
substrdte dSheivairclayrs cick. tap underiaykrq careccmeae 8 neatdrial it ia soluble in a
I .
SONQ%? tlJJ’a’f5l d?{[%l%g thé %elgasé ri%reegr A 1%ai52tﬁ%sélg$n%0%1% rEg%arable layer of
mbmanednwetlﬂ aThowelehsa dayey cew beadeposigd rfipmiiat teagtive flow and can
c&tﬂ{rfgé' trXathfml ‘%&nﬂ z??cﬁ{enﬂn%qgrtn{)égtupce hgﬁ &qu?{ﬂr Eemperature of

aspects, the 1 nvention pertal ns er o

crvmlilg%mﬂleore olp¥sane %bpquﬁs,éh?areamm "Wh‘bﬁhepf&t“ftéﬂerf@&' is driven

by 8l@Rd6eaf] RS BiyElsuchS#C sifiSorE1a§ 8 MadlbeSdnhdrfiNls, crystalline or a
el ement al errmnl um silicon carbide, doped naterjals

cqrHipAiigh thespor iRy dhe areicresyied Grrenmay hiuscaclogrdepty relative to bulk
silican ol £ daity Bprbkifating) biRi tidleridle Ih Sérae dﬁbé‘kﬂmenta,l’the methods

era t hi ckness of . n re.than a
S 1 BT R RSB SP Ot A b Bt ¢ b ected i faterighs. In
additiomhl md:icﬁﬂéna:tsmmealeleawlbydean be farmedwith tarlowl @ensity Icogresponding
w%a gfos zﬁ?n Oa)fw\éu | de si | i con carbide and
oI ?aﬁteretf general the | ayer of

OnS
[ norlgampdiec espects, the anventien pertainsetoag &yer of an inorganic composition

with a plurality of patterned islands of material, such as elemental silicon, elemental

D

germanium, silicon carbide, doped materials thereof, or alloys thereof, on a surface of the
inorganic composition in which the islands have an average thickness of no more than

about 100 microns. The inorganic composition can comprise, for example, a metal oxide,
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t hi ckness from about 20 nmto about 50 microns, while
in some enbodi nents the | ayer of inorganic conposition
wa@apooanessege t hi ckness of about 20 nmto about PODUS2INT/006357
and in other enbodi ments the |ayer of inorganic
conposition has a thickness of at |east about 20
m crons. The | ayer of inorganic conposition can be
associated with a rel ease layer, or the islands, such
as elenental silicon islands, may be associated with a
a hfdtat aafbille ysiliconAni@de) \saleb d'iﬂieersilﬁbn NeXyniedd, GflaoR Carbide and
b tween the islands. H sqne odi nents, the |ayer of
SPGATT eEeiip ol BSPETRLRE Iayer 1 dnorgpnis compasiion, ik pn average
thitRikess Goar #boaeR0 nkd @bcut SGintitroas, while tih sorh&erabd diments @i layer of

{. t h { t { i al i Si h .
inPEBAE COpbSifhrh 4 e RensTar o, 2 A B e Ao Afiyangyin other
eqdmdtxmmedlq Blyemafs umfgmrcy&tmﬂdstme les |a thicknedsnofOathlesst about 20
m%ﬁﬂﬁc .tl'?e laé' f 1%/ gﬁrﬁ l:ggm sngo%l cgﬁ bg st% 1 Elh»ggx z]:r%iease layer, or the

epositin a I con, el eAent ger mani um
islgndsi segh mplbmdetal didipend istends r inay betdamcmd withed tedgpse layer. A
reﬂxg%fb%)xfx:rltexglemg?gp Q)@at%ﬁ%e%gpmgsi?a&?p QR 'sI) ngi)g ents the layer
In a pattern on a su esur ace.
ofdeqrganie e@thtm has an greatpf gt leastaheytt490 sqparg @gnuncs%m §emlarly,
th@ invehnl iR SeRthindBD PYRNDitail Rt BP Qéﬂn?hﬁﬂg #HeBRy&r ¥ an inorganic

onprise directing a reactive flow at_ the substrate
°°§1§‘P¥‘§%'éw“hﬁd"‘ffﬁ"%@ﬁeatmlﬁ'ﬂﬁ% crypiglling sliceRre f1 ow can

Cormﬁ | siRert 4@edt§, OME GhvétioR ;feaaiag itdh ekembanfobydeaoim@hblememal
am_ The patterni n%lcan perforned, .for ex

S‘WPhelﬁmﬁ'ﬁ%‘kgeéﬂa?‘HF‘ icpn f"HB‘dE’oﬁ’ﬂ% maéwaa%ﬁagqof Pb a"oa? thereof.

Thichethod tamadnipiise dépositing |t1&£ﬁ1€tdnzﬂaﬁ hepmemslmat dubkteate surface. The
inclu for tion of

as ROl el SRR eir eatal SRR, ot 1 A R OE ApBiehousy The
depmxmg sdp dap cbmptns& dickctinga ndacurm:yﬂaw atrthy/substrate eunf&smddh some
exﬁb%dﬂﬁ@ﬁ&suﬁlg rer P ?lovsfluaﬁtcroﬁlé)?lﬁé gur f;%S&*% Fi,lgtrleﬁacglgp rd?t'e de a light

I nvent1 on Ins t
beprhot @Th@Ipamromgawel be Performetihéat exemple, s’esh asmakbandng with the

co vﬁb’if&'de&éfﬁq n 5t Elﬂgén Y fe @elé&gfe&é&f §M{ai>%°;%nk&’1mg includes,

sectlon conmpri ses [T ne si
for expenple thy, formatioe o glrinenioz lislengls. dh semenembodiments, the deposited

maA 861 {8 XA, wiidR nfa%tr hﬁg%a&%@&ﬁa DR BrOn 1HAGuRARR surface.

such that a plurality |conlayers Is froma
si ng"rl@hgﬁ’eéft thst m&?ry@flaaertﬁlﬁé tos3 met9d famfosming) a phatovoljaic panel.

Theindethod ddnipRies BEdHHlinFRIYIScalifyVF s&dtivss ona R sb@sh%kg suview iff which

the sheet is adhered. .to supstrate surface
cagh $9clipn SOMRIISes CTysigllipe 6&"%{}1 2y ehwih 39 aveRes ‘h‘f‘ﬂ‘ess of no more
thdnlabiobe ro0amfzesiss  Thelsectiony erttdssemblal G @ pafiel sBEMME! 4 Plurality of

tured strate ri.sing rea
th? T'Pconquerrsegc S ?ee%r%et tog cfygfaﬂ "5 5111cgglucatt a??'étqﬁsgﬁdm some
embegosntsi Hy smeetloaasbte cat pbil¢ thershedt ig hdilepa’dtﬁdmmbstrate surface with
cithQReR LI 1980 gp&pa&éﬁéfag&ed substrate. The textured

substrate ‘can conpris rough surface with a peak to
pealln firthep ampectsy Beminygatien wiptesto tneethasofor cam®derm textyred substrate
co%Bﬁsdig aGklifa @lt)wmeregétﬁmﬁsﬂ% AN probd & Mgrlcpﬁegosumg at

driven wth a light beamIn addltlonal aspects
legsha oftipn pf the pmdegt EEPEsiHeL Nt P teGHET w&aﬁlﬁ@}e aThofextugad substrate

can comprise a rough surface with a peak to peak distance from about 50 nm to about 100

microns. The reaction of the flowing reactant stream can be driven with a light beam.

3



10

15

20

25

30

element and a plurality of light emtting el enents

with [ight em ssion of each el enent bei ng under the
weonrnedsonf the control el ement. The control ePENBE1007/006357

can conprise a sheet of silicon/germani um based

sem conduct or having an average thickness of no nore

t han about 100 m crons. The sheet is patterned with

transi stors operably interfacing with the sheet. BRI EF

DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a side

per W%aaﬁ.xsalvasswétgfmé inbaftioh HR1aFRABLE didp®hy BEhHRiP B%ontrol
light reactive Eosulon at high production rates.

elemjegt and poplyrality hit emittise edeapan Wi Tigt smisgiap rofrfach element
beﬁkglulnu&rme symmﬁercom& d&hédny ETHe @Jnt:\bﬂgl@ﬂl/eﬂtaé‘an comprise a sheet

actants to fl ow n eacti on stem
of s Rop GO fpsed Seioadusty baging o¥ avonky SASIEIARR e than
abéut! WBGHIFns.| 1The shee® ngatevneahmantrasrsaﬁ@ bp@abig ib@icirigowith the

hthe delivery of aerosol and gas/vapor conpositions
$%to a reaction chanber, wherein the cross section is

taken along line 3-3 of the insert. The insert shows a
sect onal si AREFRFSHRETISRUE e SR GsE. ' 0,
sectional si ozzl e of
Fi g Fig3 ltiak eide pewspestivéeieivi af@ rdactiom thantber fon perforniing lighy reactive
de%;snf)hgt ghgé’d@“ Sfbkgaetic diagramof a light reactive
e

ense tion apparatus in which a dense coating is
appfFiged is 8 sehematie rapzasentationtnif s reactandelivery syptamifer the delivery of

a;%e tlgds n%a&ﬁ{é@ea(‘ﬁo'\o{ﬁ% b @i Qstén, SEA s WY re /A DF Pig

|ver|ng reactants to a reactlon Zone p03|t|oned
neafFiga 34y sqctionad sidgview of 3 reaciant indet inpz7dg wWith apagrpsol generator for

theARRAE bger&bl ﬁdggasxﬁaaoa&ﬁﬁpoaineﬂgmw dYeacfiod chamitlr, wheleh e cross

perspective view of an enbodiment of a reaction
Se%ﬁan%)@?‘erf B8P Ere SrrAfHEe Isght The st ¥ioveh©R View of an elongated
redd@ROiniet. i on. Fi g. 9 |s an expanded view of the reaction

cha er of the tive deposition.ch r of .

1o Pt i spotiongl 5 inw BB rREEIRBUG PEE ] BEtT S the fine
4_nsmn@memihngwe reacti on chanber of Fig. 8 Fig. 11 is

gpggrggi‘l eCt I é?m%t{ecre oattnn ﬁga ﬁ%lhtéfe.' ?Vteelgc Se%nbg(yog%plgara%s i#Which a

denhepoain'gnwpﬁcq;fo abfbstratesgthémateadiodichant®Em of t he
Fi o s ERpsB RO AR e R G Feak i Harediop cone
positiened ppaaagubstratgf Fig. 11.Fig. 14 is sectional view of
L 2? H 36 d QBridnBPIRE bf AL aflathruslot Figlk @keRbIBRWI 71%
Fig. 8 is a perspective view of an embodiment of a reaction chamber for performing
light reactive dense deposition.
Fig. 9 is an expanded view of the reaction chamber of the light reactive deposition
chamber of Fig. 8.
Fig. 10 is an expanded view of the substrate support of the reaction chamber of Fig. 8.
Fig. 11 is a perspective view of an alternative embodiment of an apparatus for
performing light reactive dense deposition.
Fig. 12 is schematic diagram of the reactant delivery system of the apparatus in Fig.
11.
Fig. 13 is an expanded view of the reaction chamber of the apparatus of Fig. 11.
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Fig. 15 is an alternative sectional view of the
reacti on chanber of Fig. 13 with the substrate hol der
w@enrilaiss2 r enoved and the baffl e system visi bl BCT/BSD07/006357

16 is a top view of the reactant inlet nozzle for the
reaction chanber of Fig. 13. Fig. 17 is a perspective
view of a dual |inear manipulator, which is part of

the drive systemfor the nozzle of the reaction

chanber of Fig. 13, where the dual |inear manipul ator

i's ﬁ@aw@&&ﬁm& BEthE EAEkInURahbE BP el im&mga&e 14-14.
Vi ew n\g,;‘é 18 is a schematic viewof a

lig
r eadt§ laébagwwﬁ Se{19RRIaeYS O BISTFRftPR gharpe? pr Eigs hoith the
su&fﬁ'g& Ho&fegﬁorﬁ?k%&krha\ﬁ% .anfFthg bafiR sysietﬁlvisiblédw ew of t a
su e W a er coa vered in part. with a
e % b Vick S Remt Pt R TR he trachr bt at Pie™ 13
| ay eni@d7s;§ wertspkrclﬁwl/awfeh of aldahldaksr rhﬁ)dﬁﬂatbﬂ] wntuhf G parb 6f the drive
che cts 0 .an . .
R R e SRk O B - 5P Rh, i ol B2 apiulptor i
semitemﬁd)m(thqaeacmpechm for myaxafevae\&hg uctured over coat
f ol I fr.om [
frag nt ary &%@atl\? e ?ahgye?s of a%p?szlamélr overcé%f"ed for
tragsportof adazge fubgfrat@3 i s a fragnentary si de vi ew of

| ay Fig 19%s £ %Mﬂ%ﬁs\ﬁtem%?o%g Qérnétacoklé%@ in with a mask.

overcoat structure a schne ect lve
vi el 204s p sehymatie eqsnw@rww pha ypred strecqure swar@crslease layer in

wiR@f ieReH LRherhfiRallyPd ?) € SepaAVibh of Qvergo'itl e di? IEhe layered
view of a transparent substrate with a plurality of

strygEeconduct or segnents nounted on the transparent

SUb¥ig. 16is fsOfeniitio GREDédIYe vitwOo PR Qir@itared dvércsde | ibifowilg Ebmoval
26 is a sectional side view of the structure in Fig.

frogna ¢ l2¥§ong 1ine 26-26 of Fig. 25. Fig. 27 is a cut
aVVa)Fng L2 & PRighaaty side Hevevf 197@YbMNJajdiel dveicdit silictie. @

act ve depositi.on act i

ot a9t BEBR FeBmATARE P YE o5 R PO AT Y P Rredbadavered
ov&b@tsﬁﬁ:mr& a perspect|ve view of the stage of Fig. 27

sho parat ed JLomt react i chanb

ok SNE P SR’ Bt BBV o Barbd MR Wi Vil aofiiestncs

mﬁ@nwmhslargdmlm@d on a substrate by |i ght reactlve

dep P.

cdgehrars 2yopme Bt p Sl ALEUORHART PRI B8 rdrlEonductor
segrpRaty TROuIiRGoN the Eanspaent syhstrate fAriprIceR§ing dnte IPB‘PFO wltaicigells.

Si | ipg0R6fioh bectidnallsideview of the structure in Fig. 25 taken along line 26-26 of

Fig. 25.

Fig. 27 is a cut away side perspective view showing the interior of a light reactive

deposition reaction chamber with a stage positioned to receive a produce flow from above.

Fig. 28 is a perspective view of the stage of Fig. 27 shown separated from the
reaction chamber.

Fig. 29 is a photomicrograph of the top surface of the silicon foil as synthesized on
a substrate by light reactive deposition.

Fig. 30 is a photomicrograph showing the edge where a fragment of silicon foil
separated from the release layer and the remaining portion of the silicon foil is still
attached.
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attached.Fig. 3 1 is a photograph show ng a fragnent
of the silicon foil. Fig. 32 is a photograph show ng

wo b@7opsesi te side of the silicon foil in Fig.PGI/UIS2M0T/006357
the lighter color corresponding to remmants of the
rel ease | ayer. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Li ght reactive deposition approaches can be adapted
advant ageously for the production ' of large area and
very thin sheets or foils, which can conprise, for
exargy &, i€h pRRBLabh ﬁiobv'ug‘goznﬁ'ag‘?lll&ﬁr@f‘ﬁléklhg&{ Fgani um

silicon carbide, doped materials thereof or alloy
t herFé&)f32'Fh%§B°tP§|a@‘bSW@%E thgeppasite fp eﬁmgéﬂypa@lym&a& 31 with

thOBeHtér@R1oY (c3REpB AdiRg td RInBAREathY rdkasdfyé0 a substrate,
can be advantageously used in a variety of
applications. In particular, large area sheets of

el enent al SDETADED HESTRIPEION ©FTEHE INVENTIONON

bo. 30815 B GoR PoprP RS R0 PRI gevaiageousty o the

pr@chmt:m/ of Iasgd:arpaaﬁd seryithinesheas edfoils, which ©an dompdisey foragxample,
eletnhheetlFﬁll Iéixlcor} eeg eln(t_)a:% eg\%ﬁr%z{;'l\{ﬁn dq%ﬁ Icatlr %1 InnVS ma?ergl?s thereof or alloys
thgyeafC UThoe largacransteeisnwhivhcdenerally cambe i fose standiing ve nel@yeably
ol 51 R a1l 87| RGO Sl
paﬁmbr,u laﬁgem%swetsecrfe%geeﬂtd;sércosoelﬁmmtalt gremaeiyay sllicen carbide,
doﬁ&{ HlQlIeH‘rilg tﬁé‘&)fbﬁ aﬁ@y‘smﬁgeole&h he légban"ﬂ%@bﬁélyoﬁ@ ih MeHrdduction of

can be involved. The sheets can be ?roduced W th very

phptoypltaig,panels, F‘é‘?ﬂé@tgd efFcuit. idisplays ard B ilkdpant s or ot her

addltmgﬁ(eﬁa?M%I fép@h‘iﬁbﬁllﬁ'@alﬁéggi”cﬁ?ﬁﬁﬁi r%ll?&mvﬁﬂﬂ; a flow having
ntam nants n soneg I nen ayer o
SuiAblG REREYPOTSE G I %lrlelhgﬁtra'«rc“afé H\‘HW"'{BE‘P’ ag]iptepssfight beam. The

hgﬁar&uﬂ&, dépopition ppattatan inkele ahe aépoaitioﬁyﬂ' thJEl eicRgdnic aterial

*onf o (PR St BT GPRGe SaYGEePae DT Ageral ddfponal

lajlees mntbel mt«ﬂveu pThy sﬂeeﬂs}cambe sfmlhbarws}h eeyshlgh purithilgfels or with

art sheet .
plPE Ridtyel e AP RRionii A a5 o haminants. 1

some wmbbdmmsts the lsyamef eh:bwdiahshm ehmeetabaermahaly:e rsilicam carbide,

Hxﬁéﬁalg%ér%mr}flfbgé ﬁéﬁ?!cfn %ﬂﬁé&@i‘ﬂédc i QIYO%T%EQC@ inorganic

atterne tOp Su e use a el ease
laxcay/eth orpdthou patfeamirg. bl lee latgefapranthan shests cgp ka@hhigto a plurality of

sm%iléru QHéé{sewuB hlﬁgh RO EnifitBRY W idin P phticafat Vsﬁleé( and between

, SO it can be desirable to generall
d@a o?hf’etf H%“%q#e@tdef sAwxAgH| spnditioss. sélbss?wste@lbw*mts t3hkslease

layeh €281 beaabd ]igﬁfohﬁ |a€‘é‘l§@bﬂgl¥ ikt Hhid 18y Raihl aepa&teaiéad &y su@fgc& he

Str r rom on strate t th as .desjr For

ox e THLE e e Th e et AU raEs e DIRAR IO 1o standing sifucture,
thSinbfgfamaszeeg enenseaxlelaywelg rfrabﬂe se Ithaaﬁedn bis esfrable e gaensAlylsepport

t of force or emsnta si,l i can,
e TRAE koieat P, o iRty LFrr LshRET ke Rssiid neld fo,prable
transfer of the structure from one substrate to another as d&sired. For example, an
adhesive holding the sheet onto a substrate generally can be released using a reasonable
amount of force or a solvent.
Elemental silicon, elemental germanium and silicon carbide are electrical

semiconductors at room temperature in pure form. Heating or suitable doping of
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sem conductors at roomtenperature in pure form

Heating or suitable doping ofelenental silicon,
webk®@meotset ger mani um or silicon carbide resul tBCT/HSAW07/006357

change in the electrical resistance. To sinplify the

notati on herein, "silicon/germni um based

sem conductors” is used to represent elenental

silicon, elenental germanium silicon carbide, doped

materlals thereof or alloys thereof. In sone

eleﬁfé“ﬁi“ F‘F:Bﬁsele}n'én i3 gr%‘fﬂnflﬂlp lo? 'ﬂ% F%x&é}ﬁehﬁs tub%t flﬁ!ﬁ?e in the

cr sta SucC ycryst I ne crysta
elestrz:el dagistpnee| ueﬁ@esmflseth?cwm dhergin, o Sailiegnégermagjgmzbased

sethRbARIctRY e is2 8 dCloY sbritt lertdridl &%nb%leq{:é%{aﬁ RbRarfifin, silicon
increase carrier nobilities andt0|ncrease mnority

cabigey deped anaterips @ﬁrepte?rgatlhgs theggohy p‘ﬁrsﬁﬁPleH’tb@d@lFB%}t ﬁ8e¢ﬂsgable to

haldHabts Thi QfScrdtalfihe, iGN AGRIF R S AT D ABRCr $RAMNiRANLUGH M fuence
rocessed.into a es while saV|n

can be P oprlate dev
th %ﬁ%“@?‘?%ﬂo"%ll’a‘?ﬂe&‘&‘t anq gl g‘l%é’r a‘é"t’?&?e‘f‘&?‘é@te $iF can B flesirable to

inct€nsé r&Hle’ibhiobIlm&ﬁfath&) @hdedse | MdloriGO AR | diffusion lengths. In
|ICO has.resul t.ed i

roperti sof eI de
PGP BT TEn Sy RS Pto R S HG B Ay Dot Pt can be
provested mtcm sptopriaté dewnes eﬂnle mwhg:rhaeﬁalfreiptwertb elgcledr stuctures.
Cl * GHL a0, L EIROARS TRLTRAREH SERLEAM TGRS of elemental
for rre?:l op ?1 Cerement s W &X
siligbre basrreswited mme@gnmrmsmsanﬁblﬁqonf &or p@pmlatmlngn istveidely used
to m%ﬁéa)qau&%%r it rzftﬁ Conﬁggj gfﬁc@rﬁ' ta}{ﬂﬁvbased semiconductors

sem conductors er rmnl
formed; thronghy doping with eleeenty mtbgmd@mlﬁgmm tqwclelaépfén% and P, for

po lithlgeltﬁ@téoﬂaucgﬁil' BafRChRS refoéd) 18S af n-Blpe EmicAMifhclols, and

or popul ating _val ance bands w th conducting hol es are

silices/ germagivpsbased semjcondectors c@ﬁ&%t"b‘f’ggh Aoa\nmg% glefgents with
eleb®ON dERMEAGRE @ud:mwlfyl AL GLaGll ME 8€pOFilatingNvAlAdcéBanBY with
beam a | aser bea{}% In general, the
Qff-ar structures with
ei t hefroeess hmolbden Aevetspa liwo Vi fehdive albpdsfnonldmvanby a light beam
enbodi nent ., reactive.depgsitio drlve a.light beam
(oo SRR, I8 2L sbaie ol Be ghe S dom pRpp P EE i
cithen hasingse bscampled enfigantgndhiooe erabbchthermnemgerﬂmoemmmn&n by
%l{te?%&rl A€ a té%a&& Wiéh BT ﬁg&iﬁ% e%f 'ﬂ%&”@ sects an
p03|t|on of produc er|a o a surface
elegieruaggetic rediationsbeaym mupmmc@cmmwonérm domm gic prsiu¢tasiream

rﬁ%@&dgfo Ghee h@&)sﬂi@m%f %Li Yito qaggﬁilcé' %ed to intersect the
. In sonme enmbodi ments, the artlcl es are
prq«}wébm e'éﬂs prom%hasdqem givengthe parpiekigh ﬁgqamgtDWO@tlora(LRD ). 1
sors@ leh®6dii2Rts Othe &dareaJebésctla&sn Q{e ﬁmﬂe&f"\@ rdowdbr E44BiRE ie. a
artly fuse particles in which | east sone

wlteﬁ'a nQfugkysed mdsﬁr oriafietyqrk pf fypedigr Pﬁ‘ﬁ?’f“ﬁ%?f‘f“&'%g‘ vifich at least
sorh€ thadtatiod dfhihe ihitigl Iﬁm&y particléh e réREctddOwitih théCoating. This

o A ) e RS SoB DA B SR Blhsents
it waas dtse&&mlamt mmoMIm rhatifigdfor the fmmhmmf@lﬁenaé@m sederately
dmﬂ- L éggtdg at ‘Flln% vglegﬂ)s eofc& tér@&?s @T-Lh{)?itré/r eaCFnaSOfl hr%actlve dense

Focess can be referred 1o as | ve
deppeipios.i t i on.

Laser pyrolysis is a light driven reactive flow process for powder production, i.e., for

Tj

synthesis of submicron particles. Light reactive flow processes, such as laser pyrolysis and
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Laser pyrolysis is a light driven reactive flow

process for powder production, i.e., for synthesis of
wa@anitessen particles. Light reactive fl ow procEGEES2007/006357

such as | aser pyrolysis andlight reactive deposition,

share common features of a constrained flow ng

reactive streamthat intersects a |light beamat a

light reaction zone to forma product stream

downstreamfroma |ight reaction zone. In |ight

light ?&Eﬂx%edé‘pbﬂﬁbxp rsRER D MPnonFedthRS bAR bostramd@AbWing reactive stream
pyrol yzed an intense |light beam _such as a laser

thfdnieTSeets .adw)‘hem at y bghtagachign tzgneatp fgmy @ pyodushsteramdownstream
froth la'lighﬁrehélﬁ)(ﬁfzohe aIn Hight PeabVe/fBdW PriflcesB B b FdacttiEtfedm is pyrolyzed

ot her |n sour ces can sed.in |ight ]
by ey i hea, FUA = AT bt Yo o e et flee Ry repid
rafte msnld a hacrp&mriehebsvea&m arrgaloatdepcthérdnehse it t;chﬁces can be

coatlng th respect t denS|t an
PR e Aerauiord, s Jot FEPEE o Sl Bl Sepfitien parameiecs
mhltgmeldcmdctbl chengiaeﬂnesnatwmmf mlmodaanglsam tespech @ density apd related
pré)é%g ctl % ros?t?rla%@)% ikénae of product materials.

approaches provide for a w de range
of rlegmtrmnvg ﬂmw’t@orcsn beiuggdde thegiredystion afizllange rapgeosfgiroduct
mgtgxruﬁ% F%z{np ﬁelméﬁ)k&ahﬁ)& fp?{vn&ehﬁr QWM J@iﬁ%ﬁéﬁ%l\ ecursors in

eneralylsafunctlono ereactants as wel

gaﬁwes/r@&e pndder actoseli feiny 38d theicgmpositionof F‘\?é’“l@ﬁ@ﬁ?tﬁlil% Be't%ly isa

fuRQioH ¢ ﬁmetr&cta%srﬁs Ré @i Yhd wahdeiBh B dda@ink.n ﬂ%h@f-ea&%%b&ﬁt%n can be
e(gtl onal ly conprising dopant(s)/additive(s) and

i exoEd it | gAY  veatiaes t RE ARSI t |°BH°“&H¥I comprising
dopBit@)/additive(sP REd/bF Esmpsléx b&iﬁ»@ﬁbﬁ@ﬁ PPRE] 0@ @aglok#Hign GAd material

PP MBSO SBPBETIES 1t e e etecs of e g

reidt@bﬂep’o@ﬁﬁhlayﬁodapOSI ti on appar at us incl udes an
elo ated re ctant i nl,et..such that stream

rea 8 FEIPERPL | be glplt, SpEye gc%osfqogvmaﬂﬁ”%tﬁs dpcludes an
eldrigated fréaammt initet sugihthaina stteamgefirexttane pretursors Iogenetacedfas arflowing

sh%ét ﬁféaﬁghg\{itﬁ{o%gﬁ% %Ilo gatte&] {%aggor}c 2ndyQ ff § O%Jbt itr&m a]sto in the

react OW 1S Oorilen erse
forn of 2 shitiett Generallye thetreastannfiew iporicatdd t@ﬁntcrhect ﬂseredlamn such that

m(gt Q)W d’i']lnéfe{héerw ﬁaﬁv mé’s&?sdhﬁfxlt é]ra%llﬁqia tha Q\I;hh yields are

s are obtal ne Usin ongate react ant
oht«meét ,Using theelangated rmﬁ&anbml%oaalmw sERcc i copting matealy a high
tmtoiagﬁw daibe, GAlRaktan pa& iR @RdnebudlyPddpbsitediomtt 4 aRME! By moving

deposi t ed ontq a substrate. By novi ng . the substrate

the ﬁlrbaﬁgtﬁ thrqueh ths rieduct ptreamnp larse avegéoaf'@acae&gﬁpﬁbedc‘aﬁh one or
m&g sﬁ'ﬁﬂisl Gld hi/ﬂhh’@a&ﬁﬁ tﬂbuﬁﬂﬁxﬁg&%%ﬁespﬁn&lhg hlgh&ﬁﬁlteﬂzﬂtproductxon
ro cor r espondi mat er
rals B T8 AT ne & Do BT L0 A EHB o e Jeppite gostine
By de;iolsmingo:‘ litue lof etripetof mitididsefraie (xhé iffo@thgc pratlictgsheddy the coating
d OSI Eg{ J1e.Qr srlpe of particles fromthe

Wing ?fé’é ¥he coating process can be
per flosomel embocémeaqu huh,& realcmsdnpesmcnb@ail breeused to forghtoatings with

h &{nlgéas Rt &P%bﬂp féo”ﬂ oﬁ:ﬁ-ia{ég Mol of th
l% aﬁ I CKness uni ormty sm)o 5;?)9 su??aé)eso the
depmytpq;)ppqom @oresdt in bight mformxty of coating thlcknws whether or not
densified, across the surface of"a substrate and with respect to average coating thickness

between substrates coated under the equivalent conditions. Light reactive deposition is
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deposition process can result in high uniformty of
coati ng thickness, whether or not densified, across

wao b@780sbace of a substrate and with respect tPCHUS08T@6357
coating thickness between substrates coated under the
equi val ent conditions. Light reactive deposition
i sdescri bed generally in copending U S. Patent
applications 09/ 715,935 to Bi et al., entitled
"Coating Formati on By Reactive Deposition,” and

dé&fbéd—éexﬁﬂéﬂlytlﬁ CBberﬂtngell}S P&Ehttdpsﬂcanmgmgs mrtaesﬂeoal Btitled

w~-reactive Deposition of | ncor por at
Crating HOWt}ng By e%eeﬁveA?eees;'m \Qhéag DA, 445 o301 B et (?jm entitled
"Cb@nﬂgnfd’rﬂﬂﬂﬁﬁi ByVR a0V wasntm "t lhﬂh %ﬂ%iﬂh&ﬂéﬁndoﬁio’iitbdl erein by

0 unlfor d, s ness. si. |Lt| re
woblpet 3 Bt o LtutF SBLpE RSPty gl osing 5 afiuages
latirighto\ianifioonisy sidosmodutioness smmheuecduahtxesm'e stpenmtx»sedteh ra @arser
np05|t|ons can be produced by light reactive
e jositioa Simlarly, deposited materials can be
f or Amedigamict hcoatingsouwitler yweticus atqiclmruue&s) angfye c i fonswidhjometric

cofy bedo ngeca&gwodqs [ %mea%aoe y,ﬁstg gﬁwia?@”aéao&mdymmk

ormcoatrrngs o SSes

caln’a@ forined with yprpus cps $qn0hlee(ﬁatseﬂlﬁﬁaﬁy,(legt Teative deppisision can be

us&d t6Stbth hiigh®y BfifRR ébﬁﬁﬂ@%toqlgllds%) he. Oﬁﬁdrﬁmﬁg InYatefdatshand crystallme
addi tive/dopants and/ or conpl ex stoic netries.

magraigls (Fither single spistalling o eolvmﬁbﬁ)ﬂpeOWéw@sqdddeopmts and/or

compiéR t AbiLhiOBetBibE TEAY Abschibéd @R, ARG RS isPeBificd Ritéredtain! dystalline
W th g _dopant. A basjc feature of successful

elegieptal ligonf gerprnipmypptiondlly Witk 2dopaplosi ti on for t he
pr oo\l ®hasio nfeaﬁrec oAlsh@SM spplictadh € igRNpasivel &sition for the

ner at of a act.ant stre mcontalnln
Bt PF el ST e, AOBRRETDS, 2 | nguitth B, a, peactpy, stream
coﬁthieingcnnr@pr@natefprdnﬂedcmmOemoml $n bgmbu'lzghfor tisafotmaten of doped

't eact ant, str L& conpr.i
‘“ag"frg"%i" 561 ?ﬁgved‘i s’ 1onpr &rﬁcga(ﬁ'?]s e%‘f'ne :T%a an{n0 sPream™ and
domprecseers afpe tqactaattse'eare kerhprises apppepmiats relatiye @eenntsorf precursor

tio h r d e

coftBORARS | (o0 Podtl P fealel G lTMAE | Hairhs Wologiifhs 6t drCHopant
commn@@@ns heAlspestiessoths prearsors afsp Ao (APPRPEate aadiatiqno pbsorber, an
ad@iﬁoc'&'i R&fiatioft Nab8stBirt dall R adi@ficPink QLacARS YRR toCablord q'adlatlr?n/ light

ded to the reactant streamto absorb radiation/l

enea)e fog yrapgder to ofhes paappoupdsgn thereacanh SRS chcrtaﬁéﬂtlf’%aé&aﬁtﬁ@ts can
be 4008 A jult dhe bxaflehg re&i&ai eh&r?&ﬁxﬂdﬁf fh th@FbalifntWEeMn t th general, the

adj ust the OXIdIZIn /re enviro in the
SuFBAS, S OS PRMIOT PR GEIER a8 I & S TG o8 e textured or
smPOfhQt Approprine cpabiattsons ihetsdfbl e or rigid, planar or
cur Lextured or. sma hor te n
o Yot Y B s5fu PRy o R AR Loy SRR B e e
sulfstmwettirobgh ahldlptqcbuapat‘edeepmf Sitve @ulbsvbatweelayhr@ughve high
Dr odu t C
oS o o Bl A, oFABGR, S0 SRS
appropriase cglﬁtrqlayreﬁ@ lemedomem thiat s@mlniegmmr@n be formed
QPthb &yerel Wil mo&tfseu&a.xﬁ&aefén&t AEHY Gednb peffdtinance

sttuctural features can be forne
of the resulting structures. Composition can be vaned between layers, ie., perpendicular to

te

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
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t hroughout the | ayered structure w thout structural
vari ation adversely affecting performnce of the
WO e®aliedsny structures. Conposition can be variBAI/US2007/006357

bet ween | ayers, Le, perpendicular to the plane of the
structure, and/or portions of |layers, within the plane

of the structure, to formdesired structures. The
conposi tion of the product coating material may or may
not bevaried within a single pass and/or between

vaféh $@%in DisiHigledpdsy an@BNbbtkers PissBE SilLH, H&msitﬂ%ﬁﬁ ®e varied to
different porgsitie ot her propertles to t

. or
imposeshiferpnt Roxgsities o ather o BIPPSFUgSA thmaigiili ed
sequapdrs gle.heyauyakatnhswgi@he@ Sdquéntimlly ! AL néﬁi‘-sﬁﬂlﬂﬁneous or even

S|]rrul taneogs A i O lat di spl %gseﬁ%ed ns can
sirSyIggeqsE ELcetonfat S Wy {fepusiatpasses are
mddh&os(ﬁdﬁeslc ﬂfmmmd wnpdsitlo@om ¢oafingrah AR ¢rial| ;hetlhdemdually deposited

di d.la
et B YaRranat Ry s TRy s P e BiF ot egencine
ondwheheti og non theh stplasately rdepasited Hayese par &t edupsecdieqolyi idestified as

: a u t e

RS S PBT AR IS Wl i, s g g

comnbsi@qmv@tatlgctmxaswcml SPetmlmg)wpmslalycre ivawy ke ifermied.n The use

of‘ﬁ P%ﬁldf\?&t fhE 2HHafich SBMee | dRMEL, ﬁ)n&laéﬂmbl? ly for
use O

reactive ep03|t|on or t ormati on
opeffal pppligations, n%g@pé‘wélﬁl@ter thcY-Sr Ragent 605280419 §ji qt @}, entitled "Three

Diflehdisl E tIrPs AeStridniied” ndbrpbted Herdih fi
lPatelnt Gag %4 to %Ilogttl aL, entltned Theiree @reerence

rré‘h%‘?"&f‘r]ea‘f‘b‘é‘f@?'ﬁ% &he frgnasion of fieshrepydimepsionadsiuctyrgs generally is

bageamrm@bﬁdoxhef £plarafity ¢fadyRfs Bl of WRich GHEY RTHGHoBE tdntoured
tures

i on of t e three djnensiapal stru
or Gl s S BRI HEHES BERDA BEOHC B9 pf th GRTPl: diffren
furcsityea struceaehcﬂf befireled g \Wwabfingragpositdd hsterdxd i ther Bdland, i.e., the
attern O M 2 na ul.ar sructurevm hina
plagls : cﬁ arC{g €@ ed’su ex%#a.f%eplan& f l(g“or Hpro]a I\é%g?en developed
forsthe lpetttemnag onf a:nmbesmcmsnfed the\fornzatipn rod ddsmdsmxetdreﬂahaeha’al, the

Y T e
struetyrel cap bel V#rmd ctuhveg it deppsitienyproéess onfodowingslepositinn hyteatterning
thd REERLE Yin&ibeltfis] dugitlg St Eﬁ’é}taHf Ritthet BenSRIIREGH proddd€ such as a heat

conposition along thé x-y plane at a particular |evel
tregimenhQrethe {ike. hPatterming ¢ Hpaterials ith ssperhto amRpsitiop o ether praperty

ca:YBé pedboriedi b Wwing depRfon! R Téxiiﬁﬂ@ aﬁs&gogsanéﬁhdgcafspfwcm such as
..deposition b atterning the rials her efqre
hﬂlﬂ’& ab‘?’°‘a?'¥°é‘? hithographyir #1pRg W& i%ec ﬁf‘i}’d’ﬁ FRteak giching and/or

msaui@h-bas‘edaablluﬁah formadesigtt patterrs i dnk lo@ .mdratidyersni ThusPfusing light

Bt SO S SBR ShlBs  P o compe
strectaapivith mtmategrapatidxmf mategials ppuh(sa]ed:tersly VROUIE @spositions.
lelt E;Wﬁg §& ta‘!g’déa{ﬁ'{‘gﬁ?td%l i a‘gg&}/ti i %r%@&s VWhe composition of
prcrcudn matenal- dsasse@d 2o the suhstratﬁ @arnb@lemnggudlpmgttm depaisition peocess
|
QB o Sl 2 S A R8¢l BEP S5 on e
sulpfé@@. tp lvemthﬁ resplHng eefppasitiontof thermaterial glopg therit-y plage-eUsing light

redéﬁ{'é M&Ba@ﬂh@%ﬁu%ﬁ%&@n &8l BEVdriealny Mpishhg)the reactants that
oSi tions th respect to patterning durin

rea&bﬁgofgpp ﬂ&prgql% gglgena{ webycm iTegctign condmons %or example, the
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product material deposited on the substrate can be

changed during the deposition process to deposit
weoeoarittgorat erial with a particul ar conpositi OPCHUS2007/006357

sel ected | ocations on the substrate to vary the

resulting conposition of the material along the x-y

pl ane. Using |light reactive deposition, the product

conmposition can be varied by adjusting the reactants

that react to formthe product material or by varying

reﬁcﬁ@n IR @b dr Pes@iadinhvOfites, Fi¥iar® afRhSty, Hlﬁz{tﬁ)ﬂcéde&'}/wavelength,

amber pressure, flow rates, radiation iIntensit

COP%Pfa‘fQ“cﬁf igef ﬁﬁwmaveméh@tqqctlwv@@m temppigtpre pf thﬁéeqctant flow,

poSitibhl @ thed fbsirdte it Entedadet Wi 1 proaide loRNRAT affatt SheOEorhfRition,
r eact flow, pos %I on of the substrate to interface

nt
deW“tyl?“?ﬂg‘ebP@BﬂE‘Fs ?ﬁl PSP t he conpositi on,
dengn bthepaiibadimesits, i dipREte in®Sk & used €o Pomdad tHe depayitidhdof coating

mag Gl & RS BB Brids £ Bt o Tt proasm b dhs warigmming

of msﬂmgcaatepnlovwm bght akdctice elaposaml freemiating appiiabhhis 4 opecific

t he r of , coat i erl Wt.h. |ight
RSB S a0 bl R 8 ST g Al syl o surce can
@p@fcﬂffﬁoemnmm pgednt tSigatﬁcantrmstknw higragioh [past the bbwrslary of

th@Jn%'ke dﬂ‘@: Pl nARP Bﬁed'pcﬁﬁggeatssgfetzég &ifiShsP /93/3 QI?e dlfcrete masks

ficlent contact to nt si |cant mater i

caprhajrecan iptachielftsupprrting awdratrry that ig rmé banded . to Theesugface sush ¢hat the
md3Rekn w%nep%%ﬁ&h tRELREEEHa 1@@@&:&@”3 Al'so, the

di screte masks can have an intact self-supporting

st r it farpreembediments, fibis dssirbleitor Rerforma asheaf weabment o ﬂtehestformed
coida.g maﬁiessccﬁnse%arueg,@oms Hedt Medflentl daf %ﬁsbﬁ‘d&e%xfsﬂﬁ& thd'@hterials to

di t t d
debs 3y PP Ea TPt Bt etk Badae degslbr Apditegelly or
altérﬁﬁﬁ/eﬁ'eﬂ'ﬁt&h@@ahbtr@ﬁmfyﬁr{g&hh &ﬂittmg rtkkl’iﬁdﬁtEﬁéanﬁt & can annﬁal the coating
ol.i date o er materials.to Si e ...
ST RIRERE Erefr BBl SReEloloRinu biopeTaR, sioh A S palipiey
dengot (;anékdd!ct i thereehh wommoliddt¢ Brused hereih yg destxdtiel @lensificatiat of an

amgﬁ@?slé{) %ﬁ%atﬂﬁx%tngﬁésail.n?o &&gh&?eaﬁmeh{ e%taﬂetﬂé & Enki-r{‘{l}@ %g(tﬁl toa

uce grea er uni
tempesatare tabovg theie flow|teippeyturet | Atsthess igrhpesaures, \the MWdem depsify and

up&P&oggigg \6&@5 raggn%ﬁaﬁs&-.@d RLeOf1S Ohk %@ﬁﬁﬁeﬁaoms oPR§ Bt yield a

I catl an anor pnous o
mmbtt%atl JoRexiraatesy thel bulikodensifs off | theitcomppsitiatat BY #prtrolling the

itRAVEHO? cﬁbﬁ:tsh@ﬂ&ﬁdie};@snt@d hRABRE, ahd LEmBRANE Jfieiubsequently
ow tenperature. these tenperatures, the powders

der&éﬁ?é. ffl@tﬂaa%&aﬁﬁsrfoewhdrf@ hech dres £§BPoRHong efgrerallyg amorphous
pa:ﬁ&herchxmbe c'Bhamdaea;lté | o 1a0fladtBiniatefialTayd BBktalling | pirtRles can be

hat a |mate.s the bul k densit f the .
ool B e RaRes BRler, BReSE inSoRE o dimgt iy appropriate
heaimgaamtlsmmﬁclﬁrkgsraispam be dsghtd Im))iselidatd' e aﬁmrmxeﬁsi ma@iabinto a

crygtaﬁli!lg Tay ! SI r e g‘%grélsia:ll%n on%_éﬁ lmea Q%‘ ?rgel;ajg {voc{uenc%mg rates)
an@amt@lhequyew into zglassdayied éaeseialtxﬁ rhmdmuancg) as s

mat a, n e
Ton a5} e BB Yha) 8, BREOLALCS BTl teayg, of e
compositinpe Ehﬁoﬂw rf@npgamsﬂs;ﬂeewlhaﬂméamu the) compositinanarndi tngsome

ext.Ef'i\: 6% tKeAPriRSryUpRficit Qi Rkl tfer @NeRBUNRE QYW ddBESatihd! since

smaller particles in the submicron range generally exhibit flow at lower temperatures than
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crystalline layer, either single crystalline or

porycrystalline, (generally slow quenching rates) and
w@2@rgedsed | i ne powder into a gl ass | ayer (generP@Ei/ig20a7/006357

rapi d quench). The densification generally is

performed with controlled heating of the conposition.

The flow tenperatures generally depend on the

conmposition and to sone extent on the primary particle

size, especially for a | ess dense powder coating,

wﬁg&ﬁdlﬁgm&rpaﬁmlmeﬁe bdind SinpueiRichC IR 14,8R%4n be consolidated

ener al bit flow at | ower tenperatures

aﬂ?h &r@@ﬁ%@ﬁem@lqrdﬁm rot eFtiqnctheeeoj i phigalisy 9f layers can be

cohERREH hi B8 sanldBmk aﬁ"}rséle&ﬂ@ RRetR835th 'a?ﬁroﬁﬁat@fﬂﬁﬁrtemperatura
formation of a artlcu ar aer or I on t hereof or

theystgictire £ De B?at?daveqogsodléﬁewge ©b HQ&‘F grsdel form densified materials

while/@her By efs@hf Ednhdit) ad i itichib Bidabed &baﬁﬂ@ Is@EH AsH owdeP¥sating.
tenperatures, the strug&ure ca ated &
condVT ddEPeGnethr ARPEIFR e, oF ¢ 8r315' IRed eFiliFqrygggmanium-based
sefizbeducadrs, ashappeoath haﬁnddaz}oeé-meuamaryeﬁmzmcas(mm can be used to
oSO B3R5 B0 B e ] PP 'Ly WELD,
matérial.c bm ZyeR, rthen stmmttrassatims@mhmgu ©woe surfzce dn adyglr ephrature but

oo TGP b RS e, L0 B U 93 Bt

sape ysci/aw wnwwsgw tor form af syiipe o fmeltrdf sjliqon eham;mrstdhm latpng a
ﬁ‘o;{\@ thé E‘t@ipshte&t%&w&alb %hﬁ%ﬁ%t Ay gﬂie@&ﬁ)eg lﬂrtl@? Forl &aflple, in

erature but below the nelting point for

U. §1 ﬁ’a@eh S0el$3 o Respghinetagbr emthdheZPﬂekMeltng%bﬁﬁﬁb@mﬂ of

Seamoag&t&m m&m NGO QR PAREE CbyP WSI@&G8mA Oet! &1, ”l(ﬁxmal of the
d silicon that recrystallizes alon

ElGgRienical STaebn 53 (e A0St AR £A0080 it EabriFsion oF S Films

wnthsmgﬁmymbedni‘fwliae&y Hig SIR¥AZBhE MdltrCHstSlthiiﬁneﬂﬁoth of which
540, 18 et al, entitled "Zone-Mlt

a’ﬁi@%?‘?%’f"f I F?H}EF)QW $¥°eni conduct or Materials,” and in
an arlaset lspotlpn Y3& by sdvteret ackdss the\bﬁtfatfbab p@édut:he molten spot which

S 1 e b Ll SRR, S o
silicon wath sulspquent bdoding Bp@e@ysZaihE thiekiticddx y st aI I i zati on,
bOt lﬂ'l htWé'Hcﬁbe %e h&g’girtlgxq rtﬂé gE&meM c&? nge?&:?e% to élrectly

aser pot can a e rast ere cross the surface

forgy @ddesired damse eqwa@,rgﬂomomhlx Hwigheut \applying 28% . ﬁltthernanywssmg to
deﬂl%t RoRQAE Thd l':&atfng fartgt ch‘dlt?dﬁal proceRing! &ntsﬁll ttJEeperformed to
i

ng point of silicon with subsequent coalingt

obtajn despeq a‘anwt“de ProRettiss| j loppmg gmbpdimentse 3cgqating @aﬁ%rel can be

de%ﬁﬂ@cﬁitittd d%hs:t;t beatgaaat hﬁbgt gs)ﬁé’cédt @Hcf upﬁl&haeerﬁgildaﬁé&fﬁ&ﬁ about
| rec Jorma r.e e atl n 0SSI Yy W

65 FEISEYA SIS OP FLIPERE) O GC D Gt PRFBYn st Fridipasited

de:tsbeoﬂh@tdmgnot abvdfeagtes ad‘t&atmgﬁlﬁimcbﬂ@ﬂg Pphiinafy particls §ikd, lsuch as
e perfar 0 obtain desir oatin

pad GBS O | PeOPh . Bolfipaldit £ PhpAReR R e Bar doflect on

thessturfacecte arint § powdatcoatangs tin stnmt kmbddimpents; ¢int resuidng dense coating is

= ol R RS PR [ St AR o SonyBRLAARY, Bl i e

reagiiveapowidan oatingddeposition, particles are formed within a reactive flow that are

v

deposited as a soot or snow, e.g., a powder coating, with a relatively low density relative

to the fully densified material, onto the substrate surface. Light reactive dense deposition
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dense coating may not have features reflecting an
underlying primary particle size, such as particul ate

WO e@vaeess2 or | arge pores, correspondi ng to proPET/US®E7/006357
of particles that collect on the surface to forma
powder coating. In sonme enbodi ments, the resulting
dense coating is a non-porous material with respect to
gas absorption/adsorption. In contrast, with |ight
reacti ve powder coating deposition, particles are

is fd%&%gd %xjtl{yr fn %B&ﬂﬁg \M}Jer Co%?flca‘;t’i[)ﬁ‘ sgﬁﬂ %xﬁb%ij 1@519214 to

soot or snow, e |ng
Chinivalyj \e¢| ¢l.,| ntitdsh g Dteyser eCeating e Formatine Byl |%Pa@tmsulmes1tlon "

inSBpSiated herefWyrefdiénceubst rate surface. Light reactive
dense depositionis described further in copending U S.

Pat e regsHPR Paemsierse@nbgiadivgtes &9 deppsip the denser material coating, for

exbinplel! W28hghthe ppropfiite! seleBGon Slenﬁere&@ﬁﬁwu&onmtﬁame% the
Reacti ve R%ﬁ(%SI tion," i ncorgorat ed herein

positipg o the ae relative torthp light wepction z08% the f%leﬁ“(?s%aew"amn of

m&ﬁﬂm&lnih gdshhﬂd deHes %acﬁﬁii;ﬁidrﬂc%terﬁ OB ligh Feaf:tWe RNEPpBsition, reaction
t hr.ou € appr riate selection 0

copdareand ThPaaint PRRB s Pl i s81Seec et pqaliseigp spegies onto
thé usibbtké.e I'Feaisibserateo stificel cghtproeidet thenn&essary tdeaditions for
el b RS SRR BOL AR Rlwheh pbHEN 0850 QHAG can be
hedteg asi 2 |rolat1va13edngh demproatdiet too m.rhaamj uddposifitmogrowth.  In some

en%rclmiise Mtfle GRUL Scchg l?eché%dt %ﬁgﬁgﬁig orcgaih% Htion to reduce

sSpecl es onto t strate. trate surface ca
thermay stekss ohto ﬁmé@ts@pylpwndi# itherparticles dusingrthe)denosition pnor to a

éé&h&@txﬁéﬂqhgaﬁ}gcésk kdreRiiest i&oal!s@m@‘yftthé:bgrﬁéles tn'&?a dense layer. In

substrate surface _can be heated to_ a relatively high

othez gpbpdimepts. the heating of ehe bt torelptivedy high rempertygstgan be used

to FiRdie/RRESdepbifios BP &lys@llRe GARkon BeriRAtuaibAbd kéifichductors as a
reli)?{rlor to the deposition to reduce thermal stress of to

irelyifiense tin faysict i on of the particles during the

dep @ kheORrikticl oft the atrsabxw aebeﬂbemmrémngxe Rig@E Bfbtitedeposition
facilitate cog*)eam ngioof th 4oar icles i

?‘ | pt 0 dense
PrO%JR AN fHSER Retfiasreleadie e figieatre ﬁﬁ%‘ can enable the
sepathtiinr @t dverdoat sthictiet Yol (b shisvefary &t wheh tlmavdmeoau stetture is

ot 28 it Phere Aiiier B B SHARD i G papgyosine
wldlerthe smlmturellaysocxatléd withhtbe frddeasatlayen bf partienlar, auelbaﬂeda.yer has
ids! tpzﬁgnrg\%lce i thé H:?e é f Lr tro%%dg eefrgﬁa " er{d%x‘?@ing substrate, an

ocess an Cco rise t eposi t
OVIe@yetror beth. el“éﬁls@e |abijigst tq:mar@t?aam everdoat stmistire fijognthgfunderlying
suBMREL AR 1argl fakél &BthE%i’éﬁlén% sitiebs hﬁcﬁéregen'n&uml 611s tdHeve formed

overcoat structure is formed with one or nore

as Yefli a6 OBFR prucHes- n@%é“’%ﬁ&w&ﬁﬁ SREe W“\‘Rﬁst:ﬂ nte, desired devices,
sufl &GRBEIvVETaivkblieesionisplaysict ure i s associ at ed vv| t h the

rel ease layer. In particular, a.rele sela

F orb el vt A BT st Brineeics SHoE AREnR Gt SPE 2 layer above
and @aB® sybisgatk rbefowan ThHa deam substgate i aded dh ahe Brvad \sese adith® material

th. Wth bility to.s ratea overc

sube iopiieti [ drERS o ep RYRID B HERF Jo@ Voh derosiisf whether or
nod tlecsubsicaté kunface |1ayve mtaa |l itselif Idmnecamjzi @patingr oraaifurthet @nlglying
sugsz%rr;nek.J el'lIeor%ngsde layer may differ from the layer above and the substrate below with
respect to composition and/or properties, such as density, such that it is susceptible to
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as well as other structures. The separated structures
can be processed into desired devices, such as
w@b@vowsht ai c devi ces or displays. The rel easePCEHYS2007/006357
can have distinct properties that distinguish it from
a |l ayer above and the substrate below The term
substrate is used in the broad sense of the materi al
surface contacting the rel ease | ayer on which the
rel ease | ayer was deposited, whether or not the
RSt 1At Sreftti p@f& AdBha Erivddiiell. HERBRACHASCA comprise
coating on a erl'yl ng substrate. The rel ease
compo@tionihat igiselpkle in 2 seleatesolvgper above and the

subsifit&phe k&me%lme BRPECA ﬁs&u&qssﬁqa Sthé riEhs@ e enerally has
properties, such density, such at_ it is

a substaptilivplowet Sfrrsgzétthﬁneeltheh ﬂ?fl yderlying \subssiate e the Qysigpat.  The

1o@&twlmf5eat the ﬁtabﬁrd RY&ask bk %M@iult(‘(ﬁflh& Q&pRL#ioH pﬁbms and/or due to
n;glnsntlont is soluble i ele ed, sql.vent

& &ljowdre GPashiony diBaampls, BrelGenialy ey i fheRyer-layer
Wﬁlhﬂei\@igeﬂﬁ @elba”sy edyef BElodletr Herl3ng idescritadan 1U. S Bagenk 6)988,866 to

densi t. ei ther. the derlyin uhstr,ate or e .
ey obied st e ang e ORee PRaRer b RgmedCgrein by
referenee. r AsLd twdf of the ld\agodantlm nheprelnaes fayengkinerallglwan be fractured
wiB{og fmf«?Lubgé%tQ% 8'@&80%t tion. For exanple,

pre ere enst ying the over-layer while |eaving

t he Wigh m@t It<a91@rdeaos1tapﬂ rroesss,dbgpiocgssing pduwster eah henadjusted
to H sith ?cﬁéasg’l g&gnar ﬁcm qgweletﬁgnﬂ} ﬁﬁn the¥kcoat layer. The

erials and tl ca Devi ces, I NCOr pora t ed
dllﬁ@mqeﬁ ip\depgityegah be admtea tp sdeld tthefdesired difigranceseinsmeghanical

strbf}Rh ElﬁJhQﬁﬁfihé R¥ale BFRRARDE Fra&irdd *P&fcfrh%é b¥e@cbaVhd DREH standing
damagi ng the substrate or overcoat. Wth respect to

strpptarejor, 3 sielerssRlyp puppaded srprturgy GEQTS &Xample, 4he, Telease Jayes ran be

dep&x@&ihsﬂzﬁ t&Mting oidheRatity Jot’&sﬂoﬂhﬁ@&fith' D¢RbseAhyer porosity of at least
Si %%I ficantly lower density than the overcoat |ayer.
diF¥BY ences in density can be adjusted to yield

t h e Tie Smaﬁxgcktrﬁxétefeeme)esauem pmﬁdsmnf malﬁaswﬁn@l&seslum attached.

the rel r can f orm t

RO oo O IAF RieeRd BlmRihrled HEF Wit o Bal e can

besus:ppucd edtlswmumisumethod'somc@dmgplfe; ekdteple,ebmwlagtemg, plasma

etéi\ 83lahRG ﬁoﬁlsﬁ‘ingl"?gigggﬁlw dubstfar dCOR! e/ similatly cleaned to

respon‘ﬁl ng wt dyer porosity
rem@weps resydyglitrel¢asep dayere materiph cusings ghemnisgy slepmes LAngd/ofpipechanical

pohéh\ﬁ?g a TRES, td Qlﬁh Q{uaﬁtpesufﬂtﬁl@é SRt €he B8 Gedsed %ultlple times while
attached. Resid portions of the rel ease | ayer

taling yvantageiol the h‘gf’ Héa'FléPE% &ePsH94€r coat structure can be

r enpy gkerideive of aaalau&u BRbb@thentshe u;dfn,sesm&péf R eémis@ layer and
.and/ or_ . nmechani

chem c et chi ma etchin
thedfer ot %ggef o ittt ?‘Cﬁélt%é‘ter SiBa1P! BUTERIRFT S i exploted o
fadiliten e HithctienDofe thee sélehsal layceJ eds esdmay @mbodinentsal the different

usi ng chem cal .cl eani n ani ca ol i shi ng.
coppfors SaP e SEIT JPeBoa ety (o, fa LB ovsiepl e ave
diffiareriti qoingolidatiers tenipietaturta k iSpecificigntiegeleade tayer binghave a higher
co%ﬁhﬁtw{x t%Inp&gﬁlre? %’ %ﬁa‘i %ee(wercoat can be densified while the release layer
remains substantially unconsolidated with a lower density. The different compositions
may involve different dopant levels, dopant composition and/or different host materials.

The consolidation of the overcoat layer and the substantial non-consolidation of the
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In alternative or additional enbodinents, the
conposition of the rel ease | ayer and the overcoat
wo aopenoere di fferent such that the conpositi onedT/US2007/006357
di fferences can be exploited to facilitate the
function of the release |layer. In sonme enbodi nents,
the different conpositions can be sel ected such that
the rel ease | ayer and the overcoat |ayer have
different consolidation tenperatures. Specifically,

refe&% 15k BASRsUIBIE sugﬁamrm&say hirghate s&%&{ hd 3&1428 layer and the

nper at yr.e so t he ov coat ca densj fi ed
ovGFRP RaMLFRP! g thed fQy "Hg the FE\Spsk Y| 1 use of differentia
cotsbtidasa !eﬁ@&ﬁdlrw fdﬁ pa:|> Bl ad adgkRB&t lhybés ite dCPlfefrérﬁ Ideh¥ity materials
osi ti vol.,v I e n ev
an] SBRFng 5 Dbt Tobes Ui Srctibad BBl B8 Pargrt 7886 to Bovan,

entitied dmy&ddatd:aals and Bfanir@ptieylddedes," limpeporatadihérbin by reference.
substantial. n | | dat fth
et dn B FRRBA G, b Gessi e uRRRRS TSR, B pecine
prms!rtms:é' tha rempasitort mh@uMCMItymtS@c¢lﬁtalb'h dte cpmposition of the
relgﬁgl g &1 nIcE l"(e E&ﬁ ds ogagfeﬂleEWCO TE@erug?chotfhat ﬁthher
Itfe ia conso i datt on enper at ures For process
prawpsa%wtn TERPES or ﬂaamase dhefreleaseriayetie ot expmplg, ¢he r&lessedmr can be
foﬁﬁé’ﬂcﬁ&%'a%hﬁsfle B EheeSH HeQﬂé&lvb& tdjr%?&ﬁé ﬁx%d)vf:ﬂé&&tr}ﬁz{tenal A
in US. Patent 6,788,866 to Bryan, entitled "Layer
range: ofrineReanis samppsitiens apsvitable foF i release: campositionr 41 gxample, a

mA8 &It off Rl HteRe cHPBE \Rpositbd uSIAPEanCAROG WRIHoGs ary urther
rel ease Iayer functi ons through the specific

‘e‘tYF"d‘bse?‘t agoating 056‘%%‘?‘1 st cqmRenn Ffﬁrpea%ﬂ?f’tli}.the process,
althgi ihi &Héfﬂ &mbdd?ﬂcxﬁ@ ﬂi&&%lehéeolﬁy@]t oohi%bﬁsmeﬂl Q&b Be |a&3é@dh’oh $roduct

di.stinct .fromt co ition of the .averco ayer. .
wilhi Fheloaping oy TH5 TP o, poDRBN G0 s AR it any
rearsehﬂmmmlsﬂy €The dapbslamapd mlutﬂhmof@hmmpbauem usiﬂgﬂlb& reactive
po%Jv% nEd f ) %nepﬁsnslc?n ?or t‘?\e L eatrulor‘rfl Iof e san Qne e ecfsrocgler\%?c%l cell is

5 E1ER8 & OVer coat erial. ran € of I horgani
desruirpd &1 topending LES sRAtem bpplication seriabhwalye l@(ﬁfﬁ;%ll ito @hme et al,
| e t at.

enlfibs AT Defostithlor ERAOLABAE TR Aooliohy 1Fadfital herein
by ehts so that a coating of unreacted netal

CONRQHA ?eﬁ&as@'?a[&@?'c&x?ﬁrdviheti‘ﬁxea{aﬂféﬁﬁﬁw réldabd QO ekt at matenal

ot her _enmbodi ment's the rel ease | ayer conposition can
with 3 degired Wlmswa@pd Fegies Imwmesbodinents depverrpy material can

cof@tistPbifcdrAr@iantu fm-Kd360 Sihibd Al cte A BriRuree P A5t tneferitl by or may
reasongbl e. densi t The de 03| tion of a sol uyble

nof ﬁ%‘f‘@‘éﬁ‘ﬁ &S §F‘P}“8n s‘?°ﬂ§’°F‘F‘ éffmw eABBWHE?te processing

stepe din mgpale;msa before drQifiet fe&ajwﬁm&hmmfate bepending of theadesired

h I | be di u. S.
bﬁ&?ﬁ%[ N BereRe S irte r i e s PeRlf IS Lome o
. In eotriet bmblodﬁﬁeatstcpﬁ/lar@epw thionlayas dfl sticodgimmanicmtbased
seﬁﬁhhdﬁ{o‘?g ‘{ﬁé l&&!‘m dlﬁe‘g &l‘r&%@stSQ hg% & &&ﬁf&%&'& gﬁo%“r‘ 900 square
& e a nmechanismto

us, a re an provi
centgheterse &xmdardw ethea dmetsrmtl émvtaan averagehigknéss of no more than about

106 %ﬁ&%ﬁé t il‘ﬁ@ lﬁggjaréé mgﬂﬁl?thlékﬂeé ] C'gpﬁgitéﬁeﬂlt uhi Jehﬁays dn the

overcoat nmat can conpri se Si er nani um base
formatipe opld uBpEaved t dayicesr Ebﬂe TRGNgReR M yO%r apgh \consumption.

Furthermore, in some embodiments, the thin silicon/germanium semiconductor layers can

have a thickness of at least about 2 microns.
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not conprise a sel ected anount and conposition of a

dopant. Appropriate processing steps can be perforned
whedooneser after rel ease fromthe substrate depenus1ng7/006357

on the desired objectives and processi ng conveni ence

for formng the ultimate device. In sone enbodi nents

of large area, thin layers of silicon/germni um based

sem conductors, the free standing structures can have

an area of at |east about 900 square centineters.

Si m C ver

o oo ¥ipadt G, BFRL5 Albo s I fF RO L SRR Hicon
gerpagiym tsHuetrrsseanc he aswociagsl with eznother Jayeruehighyyoan facilipage the
forhfEiBRbF @R uRtimdtSBERYE Sral@Nre C SSitathtl dsSoctA 1RPer® Bar B Shripdbitions

cost, and consunption. Furthernore, in sone
COBPLYEE fe AHIEON tREPPFIAN.S? |SCEBHYIYRY spmRositios eand/snether gorganic

compysitichsC For Bﬂ%ﬂﬂ;l@ d By &R Be a@teleaﬁmhw,aﬁntsula&%uray& on one or both

Ccro In ad tlon or alternative epbodinents, one
S“T%J’rce?rﬁg‘geﬁwlﬁ" f %P ?‘F‘E& iﬂy SAHR formed EHREE phpveor below
the;:la?erltw oasﬂﬁﬁﬂégér&dnf i&tri—basadll @?dihedinduatlpe Eelﬂbh}leag therelease layer. The

acilitate t orJation .o timate desir
bl wnfeaiidrn ettt IS5 AP 4GS based on the
degedpesof thossuawrpri sing a silicon conposition, a
ger ﬁ@pl Wf&%ﬁpgﬁlg# 8&1@%&& %Bhf rsein%rl%?c%rcsheet, the structure
ositions or I"ayer can be an
ge@lrd simanipufatpd mjhamemgropaye ﬂm@hzqdrfeatmes Itleat Horou elements of the
defibes! NSSREFLERI N ChEY -be! BEiABROM Bhiéhn ayerfzax SiffcdibrRfnium-based

forned el t her above or bel owt
semgicppdustir gEnerenss-uhhip aattaning parclasititate %lbsqqewatdwlée fosmatien. The

feabftbLaGR LRY %ﬁtter?f&f by K NERAifRAGLrC VPR t dikébnAerthfYum-based
associ ated layer(s).generally_are sel ected based on

serpigandystor shegt andlor qyy thedepopitinp pfmaterigls pntopthe stpichige. | YRdifipation

of flR\6hé€ek SarbAFd€l todbnipoSiEIDhA RRsHEEE id/sTh6 Bhysidalléh Fw Gt resaample
mani puI at t o have ap rjate

in Rk s T RPERR RE AP Gt PEHE Gdorpiogs Sond the shésf win
resﬁm @o idepaition, ofl hatsmals bRtodRE slieat)| appioprija triérinld e be dep051ted

d. t t ruct
oD el B BT B B RS R A a¢ Tort P B A
strifdtraf aslditione onahe Beepentterpeddmved using light rdacitet depositién or any
. . _ /
ol b5 YA R0 1) BARLGP D r SRS, B0 L
pnmmm an dguseshtosiepesiicat spreific leeationdapart compositiprsdtp praide dopant

to GHEABL Shé "GIi D/ dePmB{NR kA Q&ﬁi&gﬁcﬁxao‘rz%he@( Wo? to ‘Eorovxde a

sone "enbodi nent’s, the sheet can doped at particul ar
compgsiiqnpsrch s 8 pglysianesthaican bvwm&qs%wm semHcQNdpeer Ry dn

of  WHtHElebpEch todih@ive BpsshmL it mmeocw&irafl@td%harsluadeg iSRAds or
I ONs al on

de d ont | ected |
thedfi, DR SUEOY BEHRAE T Bpd S BTG £n 3P HOgTBEE: Ry vnder-
lay6it _hbledn‘i_’naJ% t ﬁdjﬁhehtt Qi SreledeO Iat}Jt@ﬁ e patteraed khi‘hmlgfeﬁﬁil‘ﬁdn-based
1 N | reacti ve ItlIon or .a
sertSabclor HHictiE Gy o Friaen So M SPdStAyE Ol gr without another
mapmriaht betgeqnr olse aswder-lagerc landisthe nbujlmn/gn‘mmlumg)asah skmiconductor
strbBR | RUAFARRY, o Ui SREGTfrd 581 8% LR8& hyer can be partemed

conposi t I ons
through etching or the hke following the 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
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to nodify the silicon/germani um based sem conduct or

sheet and/or to provide a conposition, such as a
w@eioydddsene, that can be processed into a sen PONUSWDTH06357

| ayer. Wth respect to reactive deposition, it may be

desirable to formstripes, islands or the |ike of the

silicon/ germani um based sem conductor on an

under-layer. If the underlayer is fornmed adjacent a

rel ease |l ayer, the patterned silicon/germni um based

e d of_ S s can f,or ned..qv
rel%ansg'e%?Praééé ;\EMn ta%&%‘?aﬁedf ?% 3 a%ti% m%‘% hgr glﬁalrgrg%?mamum-based
semnivendustiarlayex(pkh thepatiterring @nlm@ﬁbwdmnna depysitiog through the use
ofsa sb lé%;ﬂénzﬁtorr ﬁé&uﬁ% TﬁLJaFﬁ%t fhg"?él&fs eda rer throug[l)l the use of

I 'con/ ger mani um [ayer on an under-Tay

etqbalgtcsrthmldcq hrough etching or the like foll ovm ng the

depgsi dhieN eMbodifRns! IM&W&W s@ao%%d an under-layer and an

senm conductor layer(s). This etch can be performnmed
asyggratsdelayer ot theoresprgtivh sides RE Hie f’c“r‘ mm%mévasedl Jemigpaductor

layt(k). C Aéd) einMBiter Ry afd oS BANaSRRAKAL Rer! ﬁgﬁ o Sthay ﬁot provide a
adj acent arel ease | ayer and an assgcl ated | ayer

funptigaal (Fols, By 2RI dedes gd i ihe AbYS &) fshat dﬁé%fc‘ﬂ‘ﬁ‘ or an

asdoamw( Ryer thif p&aﬁdhee tbéhsit@rdb&ﬂ pRReRRgf alivaﬁuagl &uw:agre;pert to the
OSI n ou e .use O a | SS va eria
BRRSR b sl Jeaivt et iRy s PusfuaSr paean Gk o

t he Iusdditidnabocaltemptive embedimicits, thé shestcan berdoooh asmﬂasipn with a

supHort {:eet} f%ﬂl &me%gapg%%&e N dindehe rllsagfet;l'l he@t. In some

St a ayer on Fespectiversiaes o
embpdimeots) getting mf threr reesedt s;em:tm:@ patube perfirmgd rbé®)'¢ ag/groafter the
ov@r@oéfn&ﬁf @y1§ r fcgzﬂgl/ee M the Ssgﬁétla&eegi | a}’ﬁ%asm r ﬁa'y relevant

not prOV| tional rolein a resu evi c
emvn@@enﬁh@emmﬂ@yef eATf RyPYife sommeretectien efr the pubsisate durmg cutting

ofafesa&k&taﬁahdca*@ SudPBatthe Chiteac QFhEEE 3BI agmﬁem%amged In
advant ages with respect to the formation of sel écted

othee gmpedimsnts; de SF'H‘;S’PB‘U@&“,%%YFU ean et pRer deppsition, prip a permanent
summeqs Fornl Sina@dtd foR Btlorgdratdh it raq;rbm efﬂoﬂ%%&dnﬁ&% the

C be cut in associatio or surface
shie 'Srﬁvm%]eﬁgav%?ﬁ R FEPYing St ol Q‘%Pé*g e Bﬂr ayrpigase layer.
The Uéceﬁvh%@hbstfdﬁe EOVBR ae;séaxaﬁheﬂesﬁbstratebkt d ﬂeﬁh@oﬁi'y hd1@ing structure.

over,coat . s ture.can be p bef or e,.and/ or
af

erf
PP OIS, above, i Some BmbodimEnts, ey (Siigogepanium-based
sersighsductir eshedt ia fomh@hemo| efya substrate WIGHOtBt/ anltelease layer so that the

corﬁmgﬁj Etﬁf"c@&ré 'c?ﬁ ?% formed frSa k&&gﬁ ?I%Iau Q&%?J“?% the formation

protecthno e substra
of a\phptoyeltais moduleuthe subsitate ¢amtbet mgllsmblsxsrm:tssbmiﬂaeehm SiON,y

pafdRatiSh &9&3‘ 6&@%‘:&1 tﬁ@emg&g enlnameﬁms %m&un%ﬁ&&ssheahs formed.

sem conduct or Yer ca e cut after osition onto
The expagAd ﬁ‘tffa§ﬁk9§'f Pﬁtﬁéﬂi"b p'roe;ﬁ%wrth PpiFTRiISS Pﬁil the fike to form device

forl 1B€d?f>&@ﬁ&¥ {n@d) tHeProchiet. PE Fle' Fhef el stRIRPE EAEBY Srocessed

E%lfheet i.s. cut after transter to a receiving
mtga phatevaligicdiRiile-he rel ease by a rel ease layer. The
I ec ain\tvaGostiaatiutd Rri@llovRe a feldeE IREItherallP 6dn R AbfReEted to one

o BAEB A P B R o 4 B e

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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sem conductor sheet is formed onto of a substrate

W thout a release | ayer so that the conbi ned structure
w@aw7hesstormed into a resulting product For exeampig2007/006357

for the formati on of a photovoltaic nodule, the

substrate can be a silica glass possibly with a thin

Si OxNy passivation |ayer onto which the

si li con/ ger mani um based sem conduct or sheet is forned.

The exposed surface can be further processed with

pro@sdify SepIpdasdmedSvil bR Jtﬁcﬂ‘u% %%Védcﬁorﬁ Qhe subﬁtrate Etching or

I NCOr oratlon into the pro uct or exa
otheéswrs't flepgsition patterningcean hsepesfosm E%§é@f$r?@6f ang/ef guring any heat

uﬁh@é@g@bt&l@ngmdw&/mﬁealﬁgercoat structure formed over
a re ease | ayer g enerall}{,ﬁcan be sub ected t

one
dotipmakrrorgsiag &ps velvsassoSIRECT it fieg staaling dpin Tayers with
a mdlaaag PerERE] Qe lhatdﬁhgaswﬁbé @y h:aa ﬂil@l/loeﬁlon-ﬁf&ﬁ@thm layers within a

addl i onal roc erfor d.with_the
de&\?@r b &P Ay ﬁ‘&t ?sf"é%‘f‘fp ﬁée Py, g’?ﬁt,'m\/\h ff’cpﬁ%‘e the
peSforhkiicel bEOxSeacﬁaﬁﬁbQﬂo@Esmd'mep’se i&xhe aolldmgesmfaans vénigora9, ke thin

of th rocessj ng st eps r f.0r ned t he,.structur
ks SR PRs Al "orted B P ettt ALRPRNELS i e, The
assiic@pion vetlf arhuidingvstifacehan shechetically statpbizeathedthinr structure during
b tching or other post deposition patterning
pa?tﬂ: E’% f)%'rs%n s% before, after and/or during any heat
t r eeﬁonﬂm fognagpnf dfia phonewitaigaell n st e athen gpprapdate idevieds, it is
degi{'ﬂ)ﬁ:@ﬁ)shm tgﬁg e' & Blth% %ﬁ%? 'b@ﬁ&déf? Ru@dcel ?cgufcf'ége the optical path

standing thin ayers I ng sur
lengghsdwithinsthe fraateriakn yTexdurg cpp g intresuged yithos thnée(i yhgtrate with

deb@éft“i’&xs oVér! (Rt NeAuAAVhBSrdtOr AREnatiRbly! A&nlte! dh e HeohR&d in a
be a tenporary location to facilitate the

dea@sa% (SHERGSe Mo theoARPOSHORJIrecest GF esMbRRfusRtepshing fort gther surface

méfi€titiog ssw f anﬁ feRtukiBETAN abe) ranib@, phdudolradtdns radrdBRd. The
ora redtotg)e hol di n surfacgi_‘vmth an

Wé%fﬁgs"if\F ° 5 eatsﬁ >1°f €80 RPCISEVEY AERBh2 PHET SWET AR fgbsequent

layeg. f ace can mechani cal | y st abi I ize the thin structure

durl a rocess For .t formati on
" R BRIy oF IR RS Re R GRR aani-bhab skiORfugtSt sheets
prd\eﬂe 6e she ptodusticthosti lacge) bigh effivdarey tsetat oells, dﬂphi’ﬂéast wgll as other
ot t surfa e f I
aef B8 Phee® S i itk SphIBRER? L CBRR AP SRR LR ol B B fom o
largprt kheat aepatof@ &!ﬁyswlapaelewqrmamwx aisolr ook rpatlﬂe there are a
t
bty SR et Ol Cunal bl ERREENY parkfief| ofpr MR eAES The calls
coppastedsia seriesaingighsseide ontpub veltaga @f dhe pangbsineq the gglls connected in

em.%%afvé Q@th@@p&&ﬁﬁis Tﬁﬁ‘y Eé?l)étcHﬁﬂeeQd G ParRffel 'pAA\I@ Mincreased current.
pseudo-rand og% or ordered. The porqgsity of the rel ease .

Reasgpably pasitioned, oefls ofapapgl ?ﬁ&fr?‘“&"?%‘ﬁg‘l‘?"?%\‘%%ﬁpm?mw

el&&tbseadiﬂﬁ&o+sayﬂfeswuﬁwgaamwafetpahéltcyn ®E appropriattly'@anected then
ar ea SgJ icon er mani um based semn conductor sheets

to gp grprgal ¢ ‘é“‘f:ﬁ“oductl on of large, high efficiency
sol ar foah IaSphotbvﬁllhlayﬁodﬁ& e lalldigisnabtldyer, such as an under-layer or an

associated layer, can be incorporated into a structure with one or more layers of
silicon/germanium-based semiconductor alone and/or layers with dopants to form p-doped
and/or n-doped semiconductor layers based on doped silicon/ germanium. In general, a

solar cell has a bulk semiconductor and doped domains that form portions of contacts
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devi ces based on these sem conductors sheets.
I ndi vidual solar cells can be cut froma |arger sheet
w@sgoopaedsonf a sol ar cell panel formation. |In aPGDUS2007/006357
cell panel, there are a plurality of individual cells
that are connected in parallel 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 paralle
as§ycRYddd %vdhn Qﬁﬁé}ﬁe&)l f[senta %3 &Q”Q&Hﬂoxﬁf—’% LP;elr o%dﬂﬁxéiiéé as a
on a panel can ctrlca y connected Usi ng
Paggiyation daygr en él‘%@?iﬂi supface; 5098 Setfaseor bpHe {\inagsivation layer can also

ﬁlmgt,gy%mhgﬂ%oghayg,an be appropriately connected then
to an external_ el ectrlcal circuit. To_forma

phottgotveligic cellsibased on silicany germanipmy siligen carpidg og2llgys thereof

mmp&melaayﬁemﬁf with 259381 RSbnthdX &' andCainbgpe semlconductor The
nchLF)ora ed into a st ucturgvvlth one .or %ﬁ ) work.
TFERb RPYSFAENT T oB Uys Q8 APROSHE RElREY Cﬁl” ?“6'\’ wor
THeaffitiencyioff thedhapeeat d;epbmdsfm pant pn dmaedmamb{tmn rite dmaedectrons and
ho?e: :pﬁngge%gum mlerbek‘oaré ghregl asegsgﬁ%l g@r?d tSI For% T\Qer recombination,
thts ehato@eukrated relcatrdn-diopenmrd@maombe béedt f0f mse:ﬂlbwpth offhe pfocesses
de&g@[e&‘ fi‘fﬁ?&di%ﬁ%y‘f %:l?orﬁlli{l&?gfdéghhgﬁxta%ﬁts 6 r}ﬁﬂ% 0%8&59 cells.
tional Tayer can function as a passi vat
Thgrnse o€ tifinren semipondusctor stragtures yesults én @rsam WlthA&spect to matenals
an@%ﬁﬁ Bhdif gcbﬁy fioGRer AF TR ;eHﬁ&;n'dQ&o% 68 Ehm the sﬂlcon does not

antireflective |ayer. Photovoltaic cells base
capipre ggRuchy lightn Thye, there dre advastagrs iehayingad F‘B?@VS%@P@BF‘ -based

m&em&%&ﬁ:%& HroteManl ddln@r&ls PSSR wPRGIsor and
ype. sem conductor. The flow of current between

c ur ﬂ’é ﬁ‘fid'é‘BP’I thet Bins sheetsoph silicqnigermpnipmebased, serpigonsluglgr provide

us¢BESubktriey for dEPRy @b p6aRRC YinPartidiBr,RhO S@iSoraBRN Sifeet &hn be a
t.he reconbi nation_rate since %ectrons and

n
I"‘ffs(ig affs &BREPR LT 8D M fBYsifter Yo gther pinjgerated circuit
compbtiefhn;t Thuk | the thir §ermé\:frtdeétof ﬂe&@’o&m&t lafye, foini® display cucmts with

othOto epera edas%c? hoI e&% anrnol} lbe ucsu(;tg Lar lace
GSE T W TR the ol cesses i bed e HETaiTe §Fa P

stractirtea fdremedl by silicen boglasst processes desirabl e materials for
pho f e d r .
G r i Eae Rt T Sopfondldfr dhEed ael bRl Hero OBV Y Shl eftorve
appready ta formy adrange of slevisel withco sednctipioipe g usq pf material and a
coRRAIAPHILESRE forindt OPhd Bhiformith B file! h4i&ih1 4RE fhe3pled of production
capture as nmuch light. Thus, there are advantages in
arg,gighifigany nerameters/foe pifisient Andh sest ¢isetiveceommgeiat production. The

mﬂehmiﬁpmh&mxﬁu&baghea@ Qo Bifeieal fonte\e Of flrtheeprdbeskitP make the
eets

Sh%‘i‘ﬁ ﬁ“ttg\?lf &Pﬁﬁg%tﬁ’%‘@ﬂ °§%}ﬁﬁ?‘|€€ﬁé‘g@$@|‘°‘b‘v"6\’/‘i‘ and Qrherstpctures.

substrates for display conponents. In particular, the
Prsenigo&du}gb&&.shagt ca l%ve a substrate for the

85 ] nsi stors and/ or ot her

i nt éwhateectmeidemﬂtionwrvpﬂfmmﬂowiigtteac@h@stehisj’gcnerally comprises

a rga%[gnP 8{1{3&% a?:%m%fﬁgﬁa? dfr&its P ko %g a? Fe%‘onddhgf}{»%y Ll%hﬁ reactive

Cl rcul or nore transi or aSSOoCIl a
depnsition $ R efalualilhdoolefothei prefductioncefi ¢ostingamategipls agth a wide range of

compositions and material properties as deposited or with additional processing. The

reaction of the reactant flow takes place in the reaction chamber. The use of a radiation
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structures fornmed by silicon on glass processes In
general, the sem conductor sheets described herein
wEe@vilason cost effective approach to form a re€mesSmwb7/006357
devices with a reduction in the use of material and a
conveni ent processing format. The uniformty of the
materi al and the speed of production are significant
paraneters for efficient and cost effective commercia
production. The amenability of the sem conductor

beSRQ S light Bdakr, ¢ @ile thoFehdtion tad HElINIA R 1WaRLRTEAKIBN POHERat leads
E&‘E eet ga_lltab e for efﬂmegt forrmtlog1 a range
to ﬁ‘?‘%‘n‘ B oL tReProqugt streany Bsyend thesepgiiop gpies the 8’0‘@8t°°m1’"se a
pro%;a&t dvaxipositivi (wlia ;AnRﬂah ph@n&ll phrtidied, i ptvor VaRuE), iunfeacted reactants,
SI ti ot W react Sys

PP A b s Dherade Bl FOE RO B2 Et qpprtace

at dlur:lemttleasea lﬁdrtwm Mthoplghucmwm;axsnnoo i hah&ab@ﬁomlihgﬂdw as a coating.

r eag:t I Ve de fo eac{antﬁ,a? ?ffér%bzlnwr%lﬁg l éuc? oorgpog?wn from

pr odu iefouke oatlng AR
thec Bowp alsiring olnes camsk nﬁtlmr feadtioprahpracterizes thes r@emns ptoedss ovithin the
gggh I S t
ﬂoWllr% tan %#'sg%}vg’t %11 es aclg&wﬂ-tgﬁd/spéggt %g%%hégnnb%e mtetfhpted a
appraRriatef interyadgifert ¢)@m&am pasitign substiateg Hlteneraptpntt qomppsitians or for

otHePSroEo%éiﬁ cOBideRRiohE£d the like. anhféct%r‘e%@g nESRfA hﬁf‘pa%% Generally
t hat Ieads to high unlformté of the product stream
Vi

fromeanoilgt Rarelercaaracicd io 2 gretant detvery SIS © @rjshG gsperglly connected

ﬂu@tﬁghdél phmp.O MRSt B &aicﬂe' EnBeplallg |ddGdedRlot E'T'ight reaction zone, a
art}gcl es, and/or unreacted reacta

QW KPSt Bamche %smd%@r fongpad @ pradygt ﬁ% Jawp-sreagm from
theClﬁ?g‘ht ceudtio u@:et onmé PREplublofonsdgénafatly ahay\iit Havékhdnsla efined

orti uct co Itio s harv d from
s ofeudh of Boebrers ot R ot Slish &y PR B Ermyf et
strctam/ﬂche ahd alvat a:ndr ke mmdg hé repcodisc ho poxipasis tpresentf inahe reactant
e.ilow during the course of the reaction
cfwaracterl zes the reaction process within the flow ng

r eatighhteagtystdensitiint ¢apugtorpdnate pedutticompesitddroversaibity developed
fordtﬁp gﬁ:'th &Q op Svith t%&‘bg&&%lsa% rdg%d ﬂ&\g éJroc&gﬁ %bé Ipartic]e

rva or exanpl e 0SI t| subst r at

sym@a@t afn pevivplesi the ovessatilityf ofr fosming: pptigdeesiing range of particle
corﬁﬁcﬂftioqg bd ktﬁf(‘:ﬁn&n&ntﬁéeadabtg@ for the! ﬁmn&llﬂﬁlr @f doatifes B light Active

asses generally froman inlet nozzle connécted
depogitign Wéhetcaﬁi’afa‘é‘f? Fapgf in Rpparitieniend grugtufent general |y

connget ﬁﬁlofyﬁhﬁ ﬁ%ﬁb&:@g@ ldl'f%tanﬁ&.ﬁ t&ﬁ{mdcld Q\N{)ﬁ aswig chem1ca1 reactions
concept ua vi ded | a li reagtion, z
Cripagolat BT Aoy F8ar Rt SYHRES SERT PO Zafiles ater
leagifig a arpsvo ekactionfregion defitied by theamidtioanThéiganhd, gdsntre\reeam mifomer
in 51% neensf E‘Af—‘é?m o ‘ﬁr‘én%t r%g. Lladed &‘?éce? es'”c‘?hIr %ﬁ éfﬁ '}l?ym&ﬁ]%r ﬁ}’ﬁn or other

oundari es
radiatioe bgtm rean tr¢péace pheolsat Als, Fheewmn tsanof @ pymodysisrin thecsense of a

d h t
et AR B kB2 byrBlLS red o 80l Rétely ety @l by e
exqthagiic eqptustions of @porsactantyy  darfadtninosopesr embodiments d@ser pyrolysis
reabUR R bé Sohdviekd ahddri hXdidsnsalieRerb T Rbie Kt BAstiohd &e observed

production within |aser pyrolysis, a light driven flow
ﬁogxrtb%@gglopdp sﬁﬂq qonprpst with pyrolytic flames.

The reaction conditions can determine the qualities of the compositions produced by

light reactive deposition. The reaction conditions for light reactive deposition can be
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synthesis. In particular, the versatility of form ng

particles with a range of particle conpositions and
w@reanoeasnes can be adapted for the formati on 0PCT/US2007/006357

coatings by light reactive deposition with a

conpar abl e range in conpositions and structures. Laser

pyrol ysis has becone the standard term nol ogy for

fl owm ng chem cal reactions driven by an intense

radi ation, e.g., light, with rapid quenching of

coRtrAfdd %%%\;L;i% gﬁ&-ﬁz ﬁL&ﬁ& cgep%/due& o@m_l_ﬁéftiro%@&ﬂe%ﬂding coatings

region : the radiation. e name, however,
with AFsiied iEpPariiFst hén partisulag.ntdie pradvchtfioon chargeterigies |inlugnce the

profUiGRT theSdbatingPPrifeSirbAMke AOWICMAEAEH Y thér (b rs MucRhd Mperature
radi ati on beam, can replace _the laser. Al so, the
of the-substte and atingPasymeess alse inflpeperthe eopting grorstticher nal
PYT ®oy Séxampld) €the 2 sttidhy [cBhiBerS pfeEaifé,| BBwi FatBt c&ifpditién and
thermal |y driven bx}éd't he exot herm ¢ conbustion Pf &he
copeenfration of reactants, ¢ adiptiony b‘ﬁ%“%ﬁb&ﬂ”ﬁ’@ﬂt?‘?’%"é‘%‘é"re ength, type and
coa%erne’atjai 8f ﬁmuk:) ltii'mjlﬂs gﬁﬁ Br lp@ses G (€ tr&xdtiom d&émﬁ,gﬂ&fﬂipéﬂaﬁfﬂs of the
ere, no Vi s} i ght emni ssi,0 are ohser rqom the
refeith o et Rtta i otBbasia; S PRerrPaRORy bt e prodtl: . for
exapplel by altamgdhe tioresofdtightddithe ramantsipeodyctalin theasamiontzhee and
o Caht 1 . o
& QRSN Ao SIS Inhldnile DRAFRUKE cOERER s Bflhe produc
flovanTiysciora pasticudat emblodinens | the fpeeificsesction gonditipas carpbe controlled
c
to HARHUEG A DERASS £410 DiRRLs > 2L SRORNG 009 cbRBRAS Procuce o

cegpa s of profne flovh gengealiy cdepend pn Hisedssisasofdhe pagicular apparatus.
Sp@aﬁ% 'c@ﬂdifi&(s”ﬁ&d{tboﬁ’o&%&tiele@w b&th&-ﬁg@t Uﬂhp&aﬁéﬁ%t:{p@%ﬂﬁéa can be
Suc] erat ure, ol e supstrate n coatl ng . ..
deis’awaﬁ@ ?%ﬁeé gglﬂgeogqnﬁﬂ RIgples qytiingd, HFFWQ’?%\gdb‘Q‘r RPEpriate smpirical
adfmieatse ,Edrth&'rrfoge’i@blhs gersndl @%rv@?% onl e, relﬁii@\%b?e&ﬁqen reaction
C OSI ([ I,.0Nn a concentratiqQqn o reactants, radiation
cof et e Trling EPBRMoLs SR TR gt bt ype. and
c ondantvelatityosf thd readtant istrebinl cemrihfhgmse the dgaite of the codimg. Another

.reactign st.r tenperat ur f _the r.eactant fI can
sidyiRah, Aol . SR FEDRE ThH Riephdfs £ Bfogiity 67 broducr
coglp_osdtu'mt withipvthe fporduetxsirepine qunci;ngtt_bc tata ¢oheerlmancm af well as the

A I . . .
rei ottt HoroSRERSAL BRI bkl o iy 2 BRI Rof B in o
slower parpicle grewthaeiaend smallss pagtigles. h dhe) relative condeppption|ef ondensing

producPcddde ddnttbidd B @R RAh nc;nt&néé?ﬁﬁg,f &£, ERACLIMRsitions or by
conditions can be controlled to yield desired product

changing fheo PESEITR SWithr e fixerd g joft eondensengi BredugintA mperfendensing

cotnPosichd W ith @ rédktict i pryseste @End@m@phu&dling‘ lodréechized edtall chiycentration.
rticu

depend on the design of the r_ap tus. oy
Alsg, diiferond Proghch o BrRS bt i epsiepm o ditea el BcsBpiehyhin the
préoducpfiow) whichcam preespdndingly odinerlre the teating reokitya dedummary, the

the gener al inciples aqutlined.herei.n along with
mgﬁlﬁrp%ﬁﬂegetrsecagk&s‘%?‘ga oggﬁuﬂtsﬂferrcepﬁ?%g.‘{eﬁﬂ t hernore, sone

gendMa¢rialivsfenteast generalynintinde, iforl extnplesamgplyes weemials, crystalline
e SR oo R ! 7 L1lcbr Qb B Ctuctor
miterialsyenretalling matimialsi arg of pagtigelag: svereshg . In Ajght Kragtive deposition, the

coating parameters, for example including the nature of the substrate surface, can influence

the crystalline or amorphous structure of the coating.
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significant factor in determ ning the coating

paraneters is the concentration of product conposition
wawdaonitessohe product stream Reduci ng the total PCT/US2007/006357

concentration as well as the relative concentration of

condensi ng product conposition wthin the product flow

results in a slower particle gromh rate and smal | er

particles. The relative concentration of condensi ng

product can be controlled by dilution with

non-qage

Chang; B B ki ofnfhatiohif e esfifHRGL BRE oot rprursor sy
thypreriercmonegneialimetaliodd elemenys aowpl 9 amosesondarst ¢lements that form the
de&?éé%hb@é?ndr{‘ WhifSthete s A&Qﬂ%faﬂn'téf&& ﬁ\ac%g@t iﬁc%ﬂ}g&%{inium-based

total concentration. di fferent
SCRISARBSION| WS qTavihept t dopamishy asseriaterh lyere aa«i/ord T¢lgase dapers can

comPtifScoMpobitiBngd With BEISECIecd ARy, eléihinEsh SedBndary elements include, for
correspondlngly i.nf] uence the coating density.

RfehQp-m etelinid glsmeats. ek & carbon, g%‘éISEEP%cPhPﬁ’h““S and
suﬂidj, that cdnltR ificvapdrtred dm&ietrymlta@tpﬁfdual nipbsitiéd. eTSHeactant stream

sl it S Sl D N EP AR R bl Sements 2

wall takloangh sélexnecslsbcmdmygelem uot foaned bt maamhlci:ml[ optionally,

WG ABef FolA a8 Py ol Bt e SR il Bposions
par él'rlletoempmﬁm of tlrnyeaearit rrtrieardi cay hehaljussﬂdualengaﬁvmhbe reaction
coﬁd‘m&{(ﬂ gex?ek’a[té 8&fred &%{i\x& ﬁlfaleHﬁEGﬁth &ﬁe&?or e #éer‘?a&H { properties. '

anor pno structure o e coatl ng esir
Basesherothe padiqulanreadients andaeactinn ponsitions, theypredent cpppesitions may not

hatd @feUfapief ﬁroﬁbﬂﬁ@ﬁsy of etaDRetafbid B rfenfEhd teRb@hdt Qbrfam since the

el enents_as as_any_ secondary el enments that form
elemeatsdaay havg defa’ﬁﬁfwf@qleﬁws PhincerppREpR INte theprpduct;|igy yields with

redpBt @6 Qfdeadtéd MARARE ! m@ewrl thé ai%mrda‘&mo féﬁ%@each element is a
sem c%fnglﬁctor W t i/\ll hout dopant CI ate ¢
‘F%’?‘ér GPBP (o ek © eqient dn the, T |ﬂé’§’ Blg. sifigiprey ©
mm;idaamalcﬁﬁbedm@&aﬁmmvauaﬁdafm &n thS&mndgf yereilnetmbbtam desired
cl.ude, for, exa non-net al / pet al.l oi d, el enen
oRPETHIE JHRIRERD: i pRRn oAt Y st St described
heeeinl fater designad foahigheyields cwxqrhohlgh gelactant dlowse Fartherhonagadditional

[ ally
oo bR Ll S Py IEp FRER  OOE ARG O
al t é¥tiatrespefty to rmemapsiting, emeeaibrwksaraselmlems atéatanyhlblt chemical
provehRs iR EmRARANEIAN YenSr SHGINWS JfindtRl DR nbifdall® MekdiBld elements
and, optionally, dopant(s)/additive(s) in appropriate -
compeiﬁowqoensﬁrmempm beree, gsuenici and tghurpyms dlilements from the groups Ib,

I 2. avb! VBNom, e é‘rﬂn@ﬂﬁﬂ drt Rlferfdd th26 taRAGE PRktaR! 18 3Mition to
can be adj ustéd al on th the reactlon condltlon(

)
the ﬂkﬁbﬁ’é of graup Laje 'dﬁ%"f mstals ograun,f1; 3pd,the Efé‘tsft“’t“d“etals
otmmaﬂs intRbe, FOflexAPPS BluirdSum, BalReh, ddidh cchgiinin, €inll 18dd, bismuth

o S AR LR RR b 08, RESLEL g ot s

cameh,a:htramabkyged ﬁhcﬁhﬁﬂtlﬁ)sﬁlﬁ)rmhesmmmaﬁinesidlm,sbrmme and
iodihs he el ements may have different efficiencies of
|ncorporat| on into the product, Le., yields with
r espéght reagtivendepasitiord canpbepirformed mhmdwapor [phasq reagtantso fMany
éc{l&g{ %@Ekgﬂs % %Ee&bﬁgﬁ id 'p?ecﬁrsglug&ﬂéxﬁﬁloﬁg %e delivered

am)unt 0 at e errent In the reactant flow, an
intp fthq gep@w@y:hgmber as a gas/vapor. Appropriate precursor composxtlons for gaseous
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i ncorporation can be enpirically eval uated based on
the teachings herein to obtain desired conpositions.
wab@7desingns of the reactant nozzles for radi aP€DES2007/006357
driven reactions described herein are designed for
high yields with high reactant flows. Furthernore,
addi tional appropriate precursors) can supply any
desi red dopant/additive elenent(s). Wth respect to
conpositions, netalloids are el enents that exhibit

defRG P k&l iifieldomPoditiing WithGEabmble PesQifred, 16! Hipb/ressures

of . netal s and nonnetals. Metalloid e ements conpri se

suffjcient torget desirad AMERAS SfIIFeISORgasaAPer intg the feaptanisiream. The vessel

holdig Ui off Solilpkbarse¥ EMipositibas dah ibe hBAEd (covled) Mhncréélsb (decrease)
VIIb and VIIIb arerefe[ dtogs‘&#ransmlon é{ v
th Nanga AresFHR of 3he H@C‘éff'?{ar qfeedal PISPERS genqrplly are heated to

prédusa b isufiidiehtvapsit ﬁ&ﬁm@f AExieD ghd canrbd bubtsled thacﬁighfal 1igid precursor

t.al s,. ot her i nclu for exa | um nu
o QR N AT ERL PO OF iogdr JBRPE BTG On A AP Bas can be
pajset omrum solid @rmmmetfﬂdiﬁtmetdah\}e@y off the preeuwrkar vaped Udematively or
dr t.ne nobl e nitrogen, oxygen .
sl 8ot Bt B2 o e eSOy sl mposin
at bs@mtwevapan_d&ﬂsmm Ate udeiod Iatﬂashe&arapomter uepwsdlttheoﬂovcaﬁnomgaswus
r I : . :
BB BBl AR oSS, WESELORE i o o scen
chgmberyr sor conposi ti ons, can be delivered into the

I eaqiduieC hrke rof%:?cl@sng;@séa\éﬁbﬁ PRt B 8G1ng A with

conposi tions fo gaseousdellvery general Iy incl ude
r%ﬁﬁegqlqnpé?%wwoe’ [FORvERISHNRPISOIPARFYFSOp PRIBRASHI98S fqrgsome elements.

Th‘ﬁ@R@@hni&fh%S%Q)‘éerﬁ déelopbe it m&@d@etmeaﬁg Edthimiip w&&s&.ﬁ, such as

gas/vapor into th actant_stre

cur.so
m%@/e E’H{) IPERCHGOT) 4P dreastion of a’di‘ firflogying 31%%?‘(’% feactions.
ImpEsved aerhmuawebca@bﬁds)smt for ﬂmrng ae&n&rdg@feﬁ@sﬁa désbxﬂ)ed further in

U BRlip o D3R o eyt o i Bt B cDgiveRy  Appratses.”

inuorated mm\bapeferqnbesfhﬁse reaétaﬁtadeﬂwa'y sgsem<edh Heeadapted for light

r id pr cur s f.acjlitat
e%y?g)b%os‘{'y oM%aey r lgg&ghc{l)tgn S léc’ceﬁtrr%"é?d VEgsT . Yiow, which can
w@pmdmnhcyf,gaa(ee)eamddoeagga@scmbtéS)passed over the solid

pr e(ﬂ‘ﬁn% oggl Jeﬂ&éril W 5 é{)l%/ﬁf%rﬁc&?{o B@rﬁp(fytl%ﬁy %ﬁxq{e delivered by

vapor. ternatlve
disspluing ithe eorapgsitions i 3 selvew tAdtegnatively lrpoev\siarsé IPBECBTSOr gompositions

caﬁﬁpﬂls%ferébdq{i’ mﬁidﬁsbgem%r G361 REVEY. YRRY prdbuf?sur ebRposkidRs can

use evaporator .to control he fl ow of
beﬁshvegegsaé&wrsf% St Jruid, i gredtinle Haidh diseeyaipn o 2 liquid solution.
AE60! I@hctéhts QAR BE CGILAS mvermgﬁlﬂ&@ttf&ama%b@mput A

cha Howev se of_ .excl usi vel as/v
sof FREPDPSAt B % AHOTE! CRalP PR (TR ARERFe oot (ihe resuling

solufiﬁﬂﬂllslfdrﬁ(ﬁt | Suiftalslé smmn@cnspeﬁhntt jﬂ&lﬁﬂe whtef) neeEhahS1) éthanol, isopropyl
r so

Al RO e e AN PO e g SO i e o SeSEd evel
of puritg lspehoth& thstesitizs caanth gl Hama désiredl plurjty &vel SSunse solveiits, such as
39 o P BGRB8 5 S0
addidonai light abyarbimgrompesitisway be dedded within the reactant str&m if a CO;

laser is used as a light source.
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U S. Patent 6,193,936 to Gardner et alL, entitled

"Reactant Delivery Apparatuses,” incorporated herein
whoorabeasnence. These reactant delivery syst ensPCHOSIHO7/006357

adapted for |ight reactive deposition. In sone

enbodi nents, the aerosol is entrained in a gas flow,

whi ch can conprise an inert gas(es) and/or a gaseous

reactant (s). Using aerosol delivery apparatuses, solid

precursor conpositions can be delivered by dissolving

t he e pRRasbi Qfpobiflo ﬁPJiéf@st deu%tyeawasgomhyn a BOUEH Eflerally

recursor conpositions can be dis ersed

with 3 eangeatestion it the ganess) erseer than akput 0.1 rmlefuu%enﬁfaﬂwﬁgasmg the

coﬁ&ﬂestﬁntdftmscues%ﬂ ube.e%siuhy@m RO thAGIghpt! offrE&EHnﬁt}n'ough the
a multiple I'jquid di spersion or a

neat ul li
reactjpn, F‘i‘a&ﬁ’e‘ ABF S poncentration, ingreases, howeyae thesglutipn sanb Ciié‘r°"“‘3 more
v@bwkdchqam the ER€dsdlNinay hace gplets #Aith Ahrgen bzl ﬁxﬁﬁrd‘aﬁf&i Thus,

be selected t achleve esire operties
se\e%goa ﬁ? t?BIC[SI)P?e(S' nsﬁgrlg}/og §&FaP%DPP Elct ors 1 t?le selectlon of a
susahile/mtmhoboammtamt STHensé uﬂaermt mactarlmfdnaighi reacivia deymisition is

B P e o080 PoisnS SR g kvt & e &g PRy Mgl anc

Ommllstxyacmﬂ indogptorat¢rcheraisoy tefemgnceoat i ngs have a desired

pUr i ( 'aﬁ}’ m§9ﬁﬁ : r .

al cc‘)% a?i(lee Sl g ?léﬂadntagg sf%é’%g’?s‘? @}Z\fééﬁ@rag%%) ﬁ“aﬁaerOSOI or
asf mn@rr@wznwas@ﬁeg& cespeqidly rder smbodimsatsl involying a pluralxty of
mARARAioRD el RRMQS| ltf' ;PBluFQ%Yy BE ntefsfRendidt E‘lkzﬁeﬁtg“?s ﬁehvered as an

reactant streamif CO2 'l aser is used as a

acrosgly the, AR SR $6 rd%wﬁgélmmswm aEpgle cﬁplvaret{q'svsmt for
deﬁ\l? dht%s eV ebciaft WoWOhYItd SRgBERRERL! YAWelthtl\aﬂy, the plurallty of

el Gan Yl Wik ROWECHTE OR PSHOPE i mions thatare

sefir REIY Fsried lifto tah aaaszh.utrh@gbnbaﬁ&eas@epluiah@ dﬂw@u@h paitbetHelpful if
react ant t hrough the hﬁ%z cha vdi
CORGREBHPEFIPYR FhBe'e: disperst “h@‘ §<§PH‘E‘}°8rF°2:"§H ispersant.

'Ihleqmﬁm&y rofraérogols caribe mhudch diito tah@namssro g3l ﬂdmy’orl'm?heery into the

I et er_Si z 3 e .
reibE b bioleh X BRneh o Rae AR RL, SR Borpsgant s con
be bad:daﬁc thestparate deliveny of abtmeolsaeﬂ/ec vapon rq;frtams a4¢ thelykastion chamber
?1%&% rﬁ&t\{/ﬂxﬁ fa T&Iﬂﬁ\ élllgl%b& 0% u{t@ angré%éh zZone.
I'Tght reactive dep03|t|on 'S SCri urt her

U. SThparaghet @nmstl%mtsemmoérmeaﬂ& m@rﬁmltqr e‘qmpwtqne ar more
no%@t%i/ﬁlzéllot\ﬁ')delg%d@ ai-‘or%xﬁ:“ﬁfe“&?&y et BOREP QN 3B hel17ERA N the

by reference. Ceneral e netal/metalloid el erents
reactant plEcae i ther eliedive 1%1§°\fﬁ‘§i‘brm Qe aThgePI8H) sroegsan be the

meMneNsR PRk itsBigheR foomﬁﬁ&? ©hé ot Ynokd® bxypeh QfniEedH 5 seconda:y
|nvoIV| ng] }%Iuralltl% net aJ / pet al | oj dlgL g i

eagtagt ¢ap SPRRLY, thsoxyesn,, Theeqndiions 1 10g TERdefsoyid bg ?}%'F‘é(d”“ izing

to podade tB@dSﬂS@inatehilﬁ Pinrtilatly, she 1@adtan sth@m can comprise a nitrogen source
for%?iso ol ved/ tﬂ{ised within a single solvent/di spersant

FRPHRPT G HHEG the reactant flow as a single
aer @oérallyl seeanmaty vaattants tdas tel used| mt sonf embodiments to alter the

[EF:; ‘ﬂl' I e e ba€ndCh ed -t fi

plur a{eg'?%'/@oftgg% 63{ i (O;ﬁtg%dl &per Si ong t ﬁ ardé&se g?‘%t’be S o
metafmetadloicheloments aep @otion Threeof d heareatian @rodactpl @iumhlq gecondary
re&{a.n@%‘?/ﬁ'%l as a‘ﬁadgcyg’& D&IR T thé Formation of oxides include, for example, O,,

CO, N;0O, H;0, CO;, O; and the like and mixtures thereof. Molecular oxygen can be
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conveni ent precursors are not readily sol ubl e/ di spers

ble in a common sol vent/di spersant The plurality of
W@enodalss2 can be i ntroduced into a common gas PCDUST00T/006357

delivery into the reaction chanber through a comon

nozzle. Alternatively, a plurality of reactant inlets

can be used for the separate delivery of aerosol

and/ or vapor reactants into the reaction chanber such

that the reactants mx within the reaction chanber

suﬂflfe@%s 519 ﬁ'lrgoﬁ% énﬁb@mte“& the %V%taﬁ@t@%rec%r an%gﬁtms comprise

conposli tions, in sone embodi ments, can further

oxygsRpTUFa ghap all o5 prtien %ﬁhe (orregeal 1 FEQdFY pATHglesels coptributed by the

mdrAme@ARPpr8eurstis. OSYIBBIRE HRbYcA Sowdsy A1, [fs HKaRPRNNH:.N Suitable
the reactant streamif the objective is to forman

carhen geurcesnisclyds, far examnle; d2Ha o Berapgreohetheh hf?é?%hoatf d Similarly,
liglide @s6dSera sdlﬁeak/ﬁxspérsaht foe QBRED] S BvePy) BarDEimiAIBYIE cohitgRd) secondary

at ons r Seco CI ant can s
rea iy P BreG TPk aror Bt BB e PP e RIPUeT pomprise
a desirei gécbadang efeimedt asl/drhi€ a0salvbat/ disjetsantatanprisesTokypieh,ya separate

t he reactant stre can rise,a nitro ur efor
g T ) e |t"|¢°‘%§n865‘??€yall &5’6 3‘7’? £

comperitianst S can be used in sone enbodi rrents to alter the

OXi q"ozﬁ)ﬂlg %H{%hﬁﬂ thd pg)dﬁc’:t%a/ Yﬂ (Qh&]i HE in't ?fe‘a&tgﬂl zone can be

chanber or to con put e honrret a
adigptedrih be amvroanqédv tredngingh chhip fant be mmpbﬁ@d ithrqugh the balance of

seddn@Y Ghsctanlid IRWE o8 ShORalReYof BRCHhEAIReRRdiY ﬂ?&:u?s%rsa N Suitable

oxygen source for the formation of oxides include, for
redugingagents,cuch s, HppGHapnd thedike @ b included |in ithe Zeagtant flow.
Additichilye eldmitat %msl\@t aﬁwnarga%)i&an mwetrﬁe%waﬁhdse(an%% formed

air.. In soge enb e metal/
T P aBROR S T O B AR PO R OF e (i, permppe (GeHo

or €he like.por t i on o f t he oxygen in product particles is

i IgbP S e pE b TR Geoh f oo vrigof opeica

freGuented| usmgaelthen aslasercoesvthen Ghtengbe , radiationescange] eychCisHin arc lamp.

Coftydrfidh¥ fighit Iou fees Ex/-%z)é% Qﬁeaﬁn%@ opo§hJE' bl ye’ldpcizbrqgén%c gpectrum,

as-a rsa r Osor
altlsough lothet yamthsmn be wdondaas}m eisibleauitraviplet Qmeﬁared regions of

nEx#u?l h!k%rcaﬂm'eqﬁed z;sfu]@dqvﬁaléi € co, lascrs are particularly

rreta recursors-conprise a desire

us%'cmtpaﬁ ¢f é‘Ff@ﬁ% glan dnfsareqd abserbes(F), B tinclpsigre s thg reactant stream
inchRIRP FrSEImPley €S AL, @oﬁ-@ﬁﬁrﬁéoﬁols mn &®L,Ysikg a&&ia@; PR radiation

not be needed tqo sup a secondary el ement _for

SR EOGPH 5 RGH BT El 4R AAFLTB BTN (o Fiiaton beam and
dispitactiié erdetgdio thetehet edadiahts m\»lemxetﬂymws@act ion zone can

to be r.i at duci n Thi hs, &an be

oo AR S Prers, SROPRE ol G b e Bheaky e EPPerdlive a 2

tremesdous dts mzmy\tumev the fatd thet heat ganeratly wiohld be produced by exothermic
I Rr or I NQ.
reofOr ol By RORGHERC! Bt gt S8 B SR Hh e taser
pyrobaist pratess,| . reddion t prosas iy qualitasivelyt diffefegt fomotife process in a
cofphskiGR PeackP LABRIHBhER( < QiEhitialef TROISort Bk 18 rdaBHdHP driven by
rough deconpositioi reactions such as

en%féicé\‘fﬁb%ﬂ’)’ eme@ﬁhesmcawwrs. H 4), germane (GeH 4)

Thus, light reactive deposition is not a traditional pyrolysis since the reaction is not

driven by energy given off by the reaction but by energy absorbed from a radiation beam. In
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or the Iike. Light reactive deposition can be

performed with radiation at a variety o f optica
w0 e@guessel es, using either a |laser or other ine@nE82007/006357

radi ati on source, such as an arc |anp. Conveni ent

i ght sources operate in the infrared portion o f the

el ectromagneti ¢ spectrum al though ot her wavel engt hs

can be used, such as the visible, ultraviolet or

infrared regions of the spectrum Exciner |asers can
paltfRuldd SPorftshebhs reYioR BP&e?&%ﬁt@?ene% db&SRk &é&sngmﬁcantg' if at

particul arly useful sources of Infrared l1ght Infrare
allgback Apwp thereacant flow tqyeard theinpzzlefgorp thednteisectiop pEthgradiation beam

wxg":ﬁla %@mﬁf @ie%ﬁx Qf'%sa&_rh Jg@ ﬂtobvs(ﬁﬁ |bg E&Wdlbﬂh GaEthat thaction zone
<s a e radi atii on absorber uch as.
rempips F‘H%“S‘?eG‘ 3, FuEhUSHprsTeactor, fhergjs §F‘l§’faé1?fé\°é¥/2‘¥ﬁ‘%ﬁf$ Ffaction zone
wﬁtﬂdb@tnum bEh2 Feti6in dcﬁ&tls hhgﬂ@d&t&@ﬂﬁfceﬁnkmf&l&erh efdtdify is long.

rea tant,s to drive t ner al t he

S iopls i Fenfraliy B P S omperroeaning 1 e
t enie catase tixt laserdipltndriveo lﬂ&cﬁ(ﬁfs ehaverentyertelynipigh theging ahtes. The
eneral roduced by.exothernic

pr(tknl Ccf'orr]ng)%tsn ns d%elp % Fvvoul d C on dattlon &JOS er thF r&ﬁtfons zone and the
qumaz of vasliatiep @bwrbemm the rﬂpWa rByt contraBing ahaecponpxyombw of the reactant

I
§1§ htg"l{]rﬁléél%g@)ﬁy o r%ﬁ&?%e' the ll?%hst ?lgldM& cin be reproducibly

ren e process In a co n reacto
coméké arhecaftectine womeanre i the amgorazqr@a@mt@rponmﬂedtqver a wide

rar(g%aﬁir'eglﬁmbl% ﬁ’xrt’hc\! %gg%) SO/ BY¥utB00e) B Bt ﬁmO@(oimﬁéﬂpr&mwe

reacti1 on. reacti ve de£83|t|on I'S not
depostipnt ﬂ’sﬁsamay .ze-v%.pgm@rlb/caé the,averiap of theright bean aveﬁ thg apactant

strbag)n edltg&%\bf e Y&RtAH $d3% rhdCexiedaClot efmqﬂé aDféwahlirters beyond the
SOor

) roma_radi ati on bea articul ar,
light RsAmaf@snding am the pEisg £h WPE‘QHE&%’E‘%‘ general |y does

not Aw e aHliekdigphpdd @artd ysed itd r@fucattle, anhﬁlﬂkoﬂfﬁéﬁaﬁtf@d product
he nozzl e f the inter ti.on

tant fl
) tfes §optatig s FEoRas SMAPPR <P RBo1Rie NAFTE E4SPS (A0 A0, Jo infoduced
mtnehxe&aetagt strielye aﬁlammrgabmdfmcksfal reactivo aodetatilr. tAppropriate inert

In a conbustion
ga%egg&i i}'ﬁﬁgcr?eé%&%ér ainlltl%/g}ﬁ%q’vvel | - defined reaction
zondhwi produgt hvmmgmnyrateThsed @acrepgmt zigheery sohfigugations described
I
helehC bRl BBy on i WAFF LARE ki B3k 5 B per hour of
reactian ugldpetnto rabewtt 9y kilograms et F%t‘)f degiked [reastion pfoghet. Specifically,

usﬁ%'éﬁﬁ&aﬁﬁ&céésgﬂ&dhﬁé{&n exdatifgRhy bélaa&nhiﬂ@ﬁwa ﬁ%&@& .production
roduct conpositi ong@genera depend on th

Taties i 1€ FAHRSEbARIP orft leadt b dQ pin 0216?'1 @‘“B‘?ﬂimF’H% H&agwgﬁ(s;) of at
ledef abioatlile0 igM) iR EstHeb @mbodiMehth §n tHeOMhgdRy) dfqméaed abog 23018/, in

sof RN Sy Hed B0 4 e P | EREPTLA JPB gt and i

gemaxl upéin tepaoghils) Iub|t(y atCleast ahioht Hikg/HhA mfsfoe(df iowdinary skill in the art

wi 1 rgpogglg[e lﬁéﬁ plrgdutc 10 %Cltn crme 12(1]tn %ct%v%@ es€ 2 t]r q)prfy&iuctlon rates
or examnpl e e ran

maboxuemaI@&@G)ndt @rea'bmhm Bepasent dlacleugtht Exemplary eates of product

I
GBS 1 oy BTG G Ua T el B o
aba¢tt5héngﬂQ 1005 2505001 BI0zH08, 390, eand08PR, for exanple, a
f ewbd et dTRh&E highepro@itibi fates can be achieved while obtaining high coating

uniformity and relatively high reaction yields, as evaluated by the portion of metal/metalloid
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i ght beam depending on the precise character of the
reaction. An inert shielding gas can be used to reduce
wao b@7aesunt of reactant and product nol ecul es PCT/US2007/006357
contacting the reactant chanber conponents. Inert
gases can al so be introduced into the reactant stream
as a carrier gas and/or as a reaction noderator.
Appropriate inert gases generally include, for
exanple, Ar, He and N2. The product production rate
nu@@?ﬁ%@ﬂo&%%djﬁérh\é@ n¥o GRHEddILY BhipB8tor] %%mola%q* which are

herein can yield product production rates in

ingogppgated; jnte thendense Geative g rla egngsaly theogaction produst mH can be in the
raiple@§ BELt 162t A0 ﬁ&céﬁt bags ammﬁmﬁ@waa&&, Besthdr @fhbodiments in

reaction roduct eci fical usj n ar at uses
theRage(HRS, i‘ga?r% 1%5‘H¥"6é ‘L‘%‘Rﬁpﬁg g rapige(s) of at least
abpiitE3Usercept, QdUthEi @fibsdkhess inth hhge@)NeR4t IpasOiboup 80 Perdént and in

l.east about 10 .g/ i n_at her enbqdi ts in.th
adSiA cEPOtnes i s rankeS) A 4 OGPLARAY T PRSI EReD on the Timiting
redefing gemeedlly s metalimeralicid gede )n thé reattamteflosi Aaba'sktn cﬁ‘:?»@digirh skill in
I o %\{q Ifgc{?g %%(l: Fh ma%cgl{rlor}g'lo vg'tu he rc’fel H\%%‘%&)orel n%t Jugl%% within
thttSh epeciiayeliiey are porttemplated eta@lre wblmtthemﬁleg/dxscloﬂuper son of

ordinary skill in the art will recognize that

production rates internedi ate between these explicit

Material Reppsition at es are contenplated and are within the
pr qu ﬁ%théa%ﬁJ«@%gtxorE)&m@xhﬂrﬁﬁﬁﬂ%@ g&ﬁ@tdébﬁ{poTtlon is directed

ro uctil on |n uni ts rans roduce per hour
tOWﬁé |2 sulstrate tp ke coatery e"("é’)r%‘ft‘“ﬂ(?f’atp’és‘@“ be frmgd ay ¢ comting across the

su@s@xatel&opatt&%gd aé&@dm A0Q seldbld stnrilRl), 19 radé@&QQhe b&nmgs can be

se hi roduction rates can be achieved
detgfass F‘ﬁF?f@‘eﬂ?@ﬂ%&ﬁ&W (TYChuRS Heat Feabpenther senng | Ths pating
@a%wﬁwbebﬁﬁmmwﬂiowatgqﬁ peytigshe portion of

I/ms al ucI |nth flowthat re. . ..
e 3t BB SE AT fmf Bt DOMBoGs B Teht arive fpposiion
prm‘msv\/dn hghtahmwmp@mm cadting dem;:xon hed Mehk.e pawigles ag.depasited as a
eneral e.reacti rod el d he .
500 aor{ sn ?h is 2 Yy D ? gg cgug v%t'lé racreeln IP dmﬁltt¥.h'é'he particles
resujt rfnom mgaqleaamt anitquendmcgt mecvesmiﬂud rdweﬂwtv»s Thw polvder coating may be

de&%gg:g{vrﬁ% ks ge&l'sl gsi‘r‘ugﬁ%}g%’rﬁ)gég?é’%ﬂfé”gow&é} éo%ﬁ%%fith respect to

chengingdthe compesision ef conselistatingthe Mmateriakinte ardgpirpd(fenm. of urkermore, the
fornffish oPPPIW B QoﬂﬁF Cn%}tbeaﬁeh;l 3r Addbinla5Rbs £ranQsd ﬁ?&% the like.

in the range( | east about 95 percent based
In spfae pbadimepys, n of @pewden apatipeaay by the fesrk of bsmg  desired

méﬁé&h@lcohdltl&{%&vﬂﬁﬁﬁka&hﬁd Mdnbd\. person of ordi nary

Skl recogni.ze that additiona
£ o0 ot TeBuiseive fehsh Obui T crTEREb A s B BBty to
dnmm_s/c fokrin Cdevisdr uﬁsnngs edireotiy ﬁmml atradn&n ﬂo\ar eFusihketmate,! lipht reactive
sent ure, teri a
PSR Mo AR i et Paskas i ot e Bestly s soptreed over
a rclanmbslatgeamges:f densitiss. fn gemmi, digbt readbis¢ depbositivow cdpedeliver product
to iipiifhy of o6y 80 el ds 10 BAREACASH Pidb LR RS k. uatiey ofthe
Ooamse‘h@cmctzw peifrmity and propatdést i on, the coatings can be
Light reactive deposition can offer additional advantages with respect to deposition of

denser coatings of crystalline materials. With the deposition of particles, the short range
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nodi fi ed through subsequently processing, such as heat
treatnents or etching. The coating paraneters can be
WO 2007806500 obt ai n the desired coating propertiBGT/U$1007/006357

may be desirable to forma powder coating using the

l'ight reactive deposition process. In light reactive
powder coating deposition and the |ike, particles are
deposited as a soot or snow, which is a very porous
structure with a relatively low density. The particles

orcie‘?-séi4 ¥he &915|Bo§1t19H Gl E@leliOn HOpLHAE ‘}J?iof‘ Go PihfdfARASh M thd Roating.

the f wder coatl ng may desirable with
Inth@§'ﬁfé’é tbewew H@'“Fl&‘r ohthe sgméggqrﬂgy 85? netraegetjgignough to order the

paftRR Irélgtivei th Mhdisdibbrs! Orvehwadil Rudile cﬁm?&deg&nan?r]ong range
consol i datl ntg the material into a desired

ordet, qvER With cevstalling pegicleat o dhpt drrolycpsiatiioe matesial reghlisa I hp geaction
patasieferd infthé bR QPN TNS b Hethebr ot Y Fadesl aaa&ho@hodsf& crystalhne

i ke. Insoneerrbé{jng,nts he for t|o lf %&
Thg 68‘[‘510%"‘1‘?8;%"?@‘% RSP Powyger d’g?‘H’é ‘%S‘F 5REG ‘?FQ°S“‘°“
mzfy_(lﬁ ghak/ in61t%: dﬂ'ebtli\)del’to hlee tlfeaaﬁgrlaﬁge d?hhaiﬁ‘g ®f the nfateadtli t 1 on, :

|gtract ve ense e tion as

O S S PSP (6 R bk R S ieBionE ol e order

onlj(D,rwl}tcbytaﬂme i ghin damamsbevrﬁ:iwalhn5uwltﬂ:emmeq thieicgdting process for
i Lh )
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temWahWISybsnaﬁegemp%mg@ qfﬂh irglative oripntatinmed the| substrate with
respb@id the %gﬂttrkéeﬁo:?%?fe%h& b@Br retition SM%swﬁél&{.usiéa e‘i-rlfﬁ'lcally to

coating at very high rates at a particular deéensi

selggt theoraystal ity prfqm,eftwg of the resulting tw;aﬂaz Fgthepenge, |t’FRJS“hﬁtfaFP structure

car{ esMRate e &Hatih® sHhdreaNth @e&aﬁr (witB Slight- ireddtive aasdsiti»sﬁ for the
EOSItI on can of fer additi advant a es Wit

epasition of apy, deRsiy SPRtngnthePogte “‘E’o%ff’?‘ﬁﬂ & ier the form of the
coamlg&hallr&tpea tdri]mé &yétalisity Mﬁbhegb@p&?&oﬁ ition of _
par the snhort. rangeorder, of the conpositiqQn IS
P it b reEies (R IoR PRoGEos 5 Tt & PESES OAEE Fpaats can be
pldéﬂﬂtlbﬁ:lg lto thatlghtamcttﬁn&omumght bmﬁm;céaas:egﬁcredsﬁd, stid/bathe flow
era ar e ] etic rder t
velf S e incRiafed For TR EReIP danGn S Shpfghesyatg e amount of
silaier in thel reacthoie flow ohapasss des flang tdnm!vgaturangblcb rcde lgad et en denser
h
ool ARy S Qtapi® AL hkEito AR B LKE BhnploB lower
thag ¢the flavntemperature of the msw@m i Otlees coating parmstess snay also
afft ted Hadirelof Hﬁecoatw Ohld}kgtwlﬁﬁm&e%éﬁéwk @reARNSiH despct to

powder coating forned t reactive deposition may

by
00?6\“& rREATMEES. beT ey datticylar mctézr faBparitie the, Fepction, g@ameters can be
adjQte@bdsBdiodthe techingitRfeibto. petfinl deibd coaiEddpyétion.

D e b oSS SE 55 SRS EAPLEAR P e

withothei radhtiar bezwsdtad lrwo&on ‘vebﬁén whefepfeaéuohombme:m at subsequently
oati ng osu

f
B 2RIy df G TSR SRR 5 SERRE R o vatete can be
petifemed vathin the méactldsmchaubet r A tselystrate npenceyitsiflew difont ﬂne réalcma zone,

S. te with respect to

dir ig%%'ﬁl) ﬁ?go t [ on z nemtg% © l#%%ﬁ‘%eact i on paraneters
can Ab‘eelhd?ﬁpsd dasercieprition gemd gantresulfdh poiformiproduct flow that results in
uni‘?cf %ﬁiu‘lg ﬁbﬁéfn&r Qe hitsm @badchSorigositibh EHhuaASd te8ts in uniform

Furthernmore, the substrat’e structure
deposition and reproducfble deposition. For vapor reactants, the use of a flash evaporator for
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can influence the coating structure. In general, wth

i ght reactive deposition for the deposition of any
wa@lengiteeporoat i ng, the post deposition processiPQI/Us007/006357

alter the formof the coating with respect to its

crystallinity and other properties. In the |ight

reacti ve deposition process, to forma denser coating

the substrate can be placed closer to the |ight

reaction zone, the light intensity can be increased,

e&%‘ 8&1\&%‘3@&' ﬁ?rq%ltﬁ)ec. 1}611%9\2 ghénﬂ&"l G vﬁ%h ﬁnﬁer mmproves

producti of Icon rrom ane, I ncredsing t
theyiformity pf e Ipradct; flow #ndl qomasppading ¢dating.i Fertheamers, in entrast with

otlflelr "iHEﬁmtd? mi?feaﬁfr@ fhe sdahinp o@'@@uﬂsﬁ@t@ il BvAdidRNSIEs 6 % Byer, an

the substrate can be heated to significant
elqnsnﬁs%fea?tmté%}em\rvéwrf@rrﬁm depagitionfarunifyem coatiag fayeryith one or few
pabRSRREFhULE pRidubth@reslR RAH hCh MRcSiner ogchﬁes H2hdtMave to be
paraneters may al so affect the nature of the coating
stigchefttagthern| ong with these predictive trends with
I es peedaptifly hxatadiGt @ﬁivat%bﬁ&us dedigndona doatiig Iﬁﬂéeéd’ the size of an
reactor apparatus, the reaction parangeters can '
TG [ BIBIET B I Ser b SPe PR U U pGRkh pe costed. In
soﬁie reatbo Giaehts)) theChe pradait tmletﬂca.nl e the nsamalsizel orgdatnewaachrgwe than the
dlam é)rsolrté n |n\éollvescra f sug%mgeac ant str %‘h& entire
ersec "iﬁs?rh@ PEd St S 31 a?sg‘?'g Cts\l ?to &
subduateecanelmzmmﬂi pr onkipass throegls thespgdw tskrgarile plosgenerd], a reactor
u t t h
s ich ﬁ&%.hg i€ U%A“F‘rg% mE %Lﬁé& 4eRas il (%n He ﬁemgned to

oalngo can eper formed Wt
redueg coritapinatirmmfdhe chambeowallsatodndrease theeppoducfioroeepagityrand keemake

effidiéht Léecm' rédlifces. dl"tﬁ'@x&trxll&fe %WBH& ﬁ(fl@ oP }Qgél'iﬁ Fas can confine the

con‘gosml on onto Its surface. |ned aser .
T t FYnpedets wthin asiigw sfreamy r‘ﬁ“?b&*hﬂ’ﬁr f?&%ﬁ?{“ thapRer hdihe high

ut S redttanty rhallelefiRthi 138 oPthe RRTidtio ie g. Th@twﬂefggr mhe delivery
uct conposition fornmulation results in unif

°f<§é§5’8 YaPOnreariantt anY SRFEISEY wado e heprdaried °‘V%FBB‘F‘Y through an
clongated Al fo fotrh @ shexeoDilovathfdugh theesuzpor at or forreact ant

del ivery. ' h f che
! BT R ek R, LAY btaCl S g,
prqndwdunﬁpd‘sitmwmdbemnedesmsuadmam dq&hdmg .on Famtriim b faetors (e.g.,
t.h ot her

the Qar? 9 er}als%elrtﬁ)uttlr x e Ie']%l rgc? on gr %UI r rFactlon gOI'ldlthﬂS,

scann ions’
th¢ agpesmoxanffwﬁemngadnddhtr hhe:taamwmbuhaionp rthnreqﬂast)ball bhthe product

cofhpBG {gﬂ&gagé%% ﬁe@b&%igﬁu rCR8 s 5l ayg{ c?br? QﬁF&fn ffePbsition

sses ct stream SUC
Eringludet rp@@nmh/ thetprpduce qoelpb@tlgm te@tp@diture of the flow,

suﬁs@gﬁttgﬁ?eraﬂlfb AA3HRkitiBH ahdbrientRiBR bRHe sEiSkiadeGEMtiAPBIRAHS
Si or a coatjng process, the size of_an el ongated

r eady Apderaty @f%&éﬁelsféves%%mwoa%éeaw ¢ffgiengigsindhe range(s)

of hBEleSs hsh AB&E ItSQo%oﬁtom Peédcent BarS BeTBcHRSVRA . m&l& 15ttB @bout 20
e or sone | ar ger

react i nl et e the sane si
pefefnof e ATORERD PR PHBPORItteiRs FRTSI, 68 <F Fubstate) surface
Roaitihs bptirhizaticilicdn msreasenihit depositierh efficizhcy fiathent iAteslower relative
mo%lcj)gs :El?et S%P%:tgag%ﬁu?urg egrolg}rl]ct% eang g{sa%stitrl]cgno L@Flg{lﬂgs tl{lehrange(s)
of ﬁﬂ baat alput é_acpbmtsanhaw nddjtigriaberebastimerite ih tthe axtza(s) of asihigh as 80
pelcC@I“ cﬂ?noqg §&9@ee&h§eq'ed. In general, with the achievable product production rates

and deposition efficiencies, deposition rates can be obtained in the range(s) of at least
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reduce contam nation of the chanmber walls, to increase
the production capacity and to nmake efficient use of
w0 e®oneeses. Furthernore, an appropriate flow oPCT/US2007/006357

shi el ding gas can confine the reactants and products
within a flow stream through the reacti on chanber. The

hi gh t hroughput of reactants makes efficient use of

the radiation (e.g., light) energy. The delivery of
gaseous/ vapor reactants and/or aerosol reactants can

ab?n?t tﬁdotfxé}fen‘ﬁhdd'iﬁ{&{ ik We%%(é”}rbf% Q&Q@L&% '2@'@& 4P further

orma sheet of fl owt rou e reactor.

embedinantscin (b apeEbof attlpast ﬁ'at"eab@t‘t Nberhe to &?uaﬁdsgev and in still
otkt8 RABbainfaAt Qic thtehﬁné%(gcﬂ&ﬁ aS&UT@@@ :%ﬂrQB Bt DS KgAk ] Qldperson of

substanti al | dependi ng er of factors (e 9
ordipary sykilf in ﬁb" At Wil é‘F%’gE‘é‘F rﬁ'gat Lﬁ%?"?gz gfficiqngies fod; depg sifion rates

befv&b%ﬁtthesré Slplidi Ghtes the dofRblatdd &N dic! Wah, thtehpresem disclosure.

ition eff|C| nc d the like,. and ns .
EB PRI HBtoduf e oy U G e s O AP Shdefn the
rarlg&(s()i@lﬁ(nst leedthan abbet GLUL&ES ) Bt .10 5130, flaa,t 205 560,f WOD) 2690, or
SogprSi tion efficiency include, for exanple, the
‘oduct conposition, tenperature of the flow,
subgtlteatatvelg opexdditionadlyanke avs of thenmavrinent iof theasubstratefand the
prédie TURSIIANE (b CLaBh | ffer oml iy (sl TRURKAE dnhE Stesived

atlve substrate notion coatin I'Cl encCl es
sp@qﬂ%catlawg@( dhe eqateshsubstzate. iy mmablemfoqynarﬁheﬁo@qmng (!vased on an
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percent of pro duced pro uct COﬂDOSItIOh I S
degraibed herein e rme’orsm@vsw atsubsirgrer e varyRP the rasge(s) of at least about

0. mtwmﬁe&tsoanga&ru%ema&e otk enfh3BRntsl ANlesdtfAbOLEDOY cm per
further. I ower r?atlve noti on of the substrate

se‘i‘ﬂ'fFo‘Eing“'E?’i gimRrots. SoMeahopt H PR £PoRd &9 £irqut &R &F@E“‘?“ﬁs per

seddgg Sro8veR (rfo}e OA ;ﬁi‘sohfb&'%i'dlﬂb'si WkilldiQ tReire oA r&ﬁgnlkeﬂthat additional
a i t.j.on

t th f hi
rafs R Moot RN a Ok BE OB o) 2o RRPHPa Spchin the
préstvet dischiseneaHuether, Oﬂmthmemhwdtmemn thatas canbk shegusiddnonscale

ceBlld 6 BICLBR 005! L0018 S5 AR, B yRDLALLES s L 005

substratehearmmge(ts)abtm‘t Izpbdtetegter sdgoud. 25 g/ hr, in further
m
e %‘e%:}gg lﬁné?: I’{& {:lrﬂf] glﬁ% u‘ﬂﬁfoﬁtnt)l el r&ﬁ:ﬁ ogp&ﬁ&lolqg well

g/hr to n st er e I'ment
suifggetorthgepating of ’fatﬁﬁ sabmﬂtesz Jp sefpe, Pmb@dlals@tu thezprocergfanrbe used to

forRE iafiaRf fo Phfl EMBE YhStoVblkaid PardeNth sbcidMon! wiiL s QBRIZbstrate. A
that coating efficiencies and deposition_ ta.es between

widthe 8E canistl bptratet @8 bF AtcbAtteARUAL Y csfimelrs (hilp further
enigb@m{bhtt%S& Mdastibo6d S bh Cin aﬁ&ﬁﬁﬂ&l%rﬁboﬂﬁ{x&ﬁs &fledat HB4€100 cm, and
. 0S | ON 1N u ra oslite ou

in PRBY GrRe et bt Hboy 8@ 16 AB00 FRTh 1atse sIRERsS he area can
be @t East hboit, 900Bquazd petﬁﬂ)et&@@qmzlﬁﬁ ot}ﬁﬁ@mbddlﬁﬁnts% QQst abbut 1,500

5000 t ern addi t,he

Mol e ?r o'?b(i%%e suét ? N ‘g’oa{nggp @e or B ° E “?bOdlmems from
abow| 2:600ve abaut SAHR0 otmieA pasond roydlsa,rbilskﬂilnn itlze érywﬂ] recognize that

ad&ﬁﬁgst r%{é& Sf‘wtx ?rﬁﬁhrre%jwﬁ REChE g;gk‘xt%ﬁg% %owﬁregcgg{gg&ated
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angpreayjthin the pr&sent dlsclosure

A coating formed by light reactive deposition generally can have a density within a
fairly broad range. Powder coatings can be formed with densities less than about 55%.
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actuator arm noving a substrate through the product
streamw thin a reaction chanber, as described herein,

wao b@7nedse2 f or novi ng a substrate can vary in tPEI/US2007/006357
range(s) of at |east about 0.001 centineters (cm per
second, in other enbodi ments at |east about 0.05 cm
per second, in further enbodi nents, from about 1 cm
per second to about 20 centinmeters per second, or even
nore. A person of ord| nary skill in the art wll

Ad GEARKES § Balse 2O %@%tor 2ARG45t V‘dvftlh hrhehggrsﬁxateﬁ 'l&hlt about

ranges ar'e cont errp are ncorrpasse

658,48 &ither pbedimgnts at leeﬁt abat 754, ingadisitipaal @ﬂtﬁs‘mmv least about

8594) anld&h Cothé erRbo diRanRY! Q?Mnatfau? 9544Cof @leafull\Renti bfthe coating
substrate bei ng coated, and can vary in the range(s)

mhlamlywmsﬁg%s%rfa%s Al RisATE éntbsd'altf&& thg dense coating
difettiDs hpMe@ viaeH hg:hQ Gélﬁdve &h@e H&positidn Mag Bpprakifiatehnal full, i. e, 100%,

cqatin nj f t. reactive deposition is_we
degsjty %"ﬁg%’st‘ﬂg tqeﬂij’ %P“F%n“ﬁ’é( 13010053 4 § POropsg oﬁﬁ““a“y the
pred&b@:cbfrmmmust Biearfeted GLEciTelAd With Wiedenkity bDMHNOBAR( | Flescoating

nt | t tl. tn.
oo 3 PP Rl TSl BShiin 5951 61 4 Bl o e
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. _ a
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suefptes dis rdssaribled o far stxemple? 0 UsPa Paielgoi)@73c?ﬂ7 ton Hellereet al., entitled

"MRRBHY @ﬁﬁ@aﬁxe&hﬁg&%@m%gﬁb%eém%ﬁg about 900 square

ters her ehbodi ments at | east about
1, 500r @ﬁnropﬂﬁefqarmomenam Areshees oft produt tfloxp A seletglomte of

relafi¥e snﬁﬁﬂaﬂeﬂn&“ﬁ%em@ﬁh?dﬂ FeiMcRioh r&%@?&%ed?d%gltlbﬁ’ ratc and the
about 50, 000 cn?: A person_of ordinary skill

desired GRafing r"é‘&’é}&ﬁ? 3% lipiiad b3 fle mmayRment, Uik GRESTERe 7§  theisired rate

wiiRMoHIBAE Wstréll Bodiing vANBIniG!. U I @ﬁlﬁ&&im%b@\&ﬁ VAKi€h the substrate is
aied and are thin th resent .disclosur

con e A
SHEBOHEh s Hogug, eryihe Futrpteyah BeBie U KO Giqdpozzle,
and/an tﬂeawezla cae B8 infoy ed\telldtiva taa fiaed b\}bsbite ad hesergatinglawes ®y light

ngs..can §3 | ess.th bout .
refel HESHER e e ety Beted BRI TP, g B9 Whnpeting
metloadsi atgthed shimeacodBms mhy‘orlm'art ands tlactknleaas Asadb particala/exaniple for

re eﬁe,g&é‘ Gt a FS‘S) g{&’ﬁg%&snto@g fﬁ@g}?@ ﬂ%/g?%el igHe-i L AR idch @ @hfer can

beegotedi mtasthw!m%eaétabatnomm%% of dense doafing memmrwmetrely one
se&JP.a é?vgéltdt rhgdéBaEfﬁBb %k’ﬁdl&lC? thdnhy a7, § Igerteft! aksufe™ powder

in sone enbodi nents dense coati ng di rect

deasg'm ploabat (99% P the Pltlhaepw déng%rswbst}@rql@véh Skiflsin the art can
ca@ﬂﬂfemﬁtmﬁﬁﬂlé’ge%nfeﬁw prmbxpﬁm an)l ORY%f e ﬂﬁ]o{avYng&Sanabl&s based on one

osited. The dens or may not b
°r@é‘ﬁ‘ér"£lt‘l“’y"t %W@é?ﬁ? 6}'8 “R)Bgﬁ)ﬁga‘@ﬁa’?técfl?rde sition me the
desifdrtbickiiesslavd $hb deddtty dg&&tlhy;)@fhetsh&tﬁﬂﬁt ing. The

coa or ogi t ua a r
cot SpRES B hif Pditof Vg 8815 og Mkt e A s BpFaf gursticy
of CoinBEWwith or fmmbaxtaﬂdaaozmlaaeaummhetwpcmmsgsf dBach coating can cover

an&% 1;eI fﬁm al esyg on o &Qt %‘o 31t§f> Be RR2Fed within a lquer or

er n i ve anot her appr O e neasur enent
bety@en dayeys. ofWhenl clthnging compositions SIgmﬁcantly between layers, it may be

desirable to wait a few seconds for the product stream to stabilize prior to initializing coating.
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surfaces is described, for exanple, in U S. Patent
5,373,727 to Heller et al, entitled

w0 Monitpsooper meanet er, " i ncor por at ed herei n byPCT/US2007/006357
ref erence. For appropriate enbodi nents using a sheet
of product flow, a selected rate of relative substrate
notion generally is a function of the selected
deposition rate and the desired coating thickness as
limted by the novenent the substrate at the desired

fat ‘%-glé“aéél s n%e@%ﬁ?ﬁé&gﬁged?r b GhatHbed Pdo%f]g nelalng a sheet

I men . . | ate 1 s SMBpt {
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A $e384M in1éth 8P 1288 RSmdiR Bhanftlef 1 GAC [ReBMAR lifletN 02 COMBRI geflerally to the
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ion rate can be advantageously used forma
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t r egtipR&ssctidat WEE N 12 eabid @Sm uﬁaﬁdh SRR He H04 AIubRAY Sdctids 110,
11gntl re.laye r.a portion of Conp05|t| ons_can

[
Bold g it b TefpeBvofo Betiie HEMGRFRIS PatbGA wough the
reactid@iafBerC 0P gﬁibhlaﬁ s&u&isgnof 110a3h wn%@ef\/lﬁ&ﬂgdﬁam%s 50 i 122 for
rable.to t nds for the product
ettt et s idsS M T FE o ne! conti hg The
d es Rgactant irdetriop ruegmetaay mmaetlexb fgateactantaieliverg systéna rRedring to
0 for ner a roduct fI ow.i S _shown
Figg 2 ah SreSGRELE  0'fe 8 SRERL ool BBtEh: hS LB 132 of a
mew wynmgncawghlazlom bega quqbcsnmhbsgéso rFog ihqpidi ayi sloyd weattants, an

I
opffiaP Eiliet a0k BF hithe FAFRTRRY LAy 136 ke e BB e
precursen @drcedé?-utﬁéa@mmehm of tha reactant. aﬁtecmﬁpre%oumzm can be a

liqhi@ AGRL g%%ﬂainer 9@@1@&&&&4«@%&%@&5&%&@&%&@ The

cal_%ener to the shape ma .. Main
arz:13s) P“‘l‘@if‘@ﬁgﬁ%ﬂ“?tsé 34 AR fOéanI%e &f‘b“rﬁg”r‘t%"’é’w’be‘ an inert gas

or indaGredthiefepE Ot lleritivee aibddifientss PRkakorGbures g 8p@sa ﬂml evaporator
Ses and Lner.

rod t materials, any unreacted
tha G S e b B Bt DR RS ot 2 i gas.
A ﬂaslhee:apéra:roea:aﬁ aeliver rd mlecﬂeGZpartﬁlnlpeésdlm @fgaprec\nkcet @&par ito the

ed,to,.form a.bl anket |ner gas
%n ¢hamber, gnd Qhet compon mwém% co%ta lg%e J?oe? Cg'hé geated’ if

apbpriae to wductesorahmmamecqnéav@mmt@ ther vaporptioe ts mhy 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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The di nensi ons of el ongated reaction chanber 104 and
reactant inlet 102 can be designed for highly
webdoradesory product conposition production. ReBGSDOSNE006357
| engths for reactant inlet 102, when used with a CO2
| aser with a power in the several kilowatt range, are
fromroughly about 5 mmto about 1 neter. The reaction
zone is located within the reaction chanber in the
vicinity of the intersection of the reactant flow with
the hi %M%ﬁﬁ% R&h brechBH bdceSI88 (caf BE mbAdd: wil#%s@ﬁ(fr&ﬂqnﬁared
fromthe main chanber 104. Tubul ar sections 110, 112
absasba SoRTRRIbHs inettiges sauree 138:adios gaspasreaqtant guree 0Py combining
thd gﬁﬁéyviiﬁw_ﬁtﬁglel%ﬁihﬁ QUfibihg e 4b eafhd BRkedVATRE fre1&hbined a
Tubul ar sections 110, 112 can conprise inert gas )
suffigreat Frop theqregctiom ehamber wieh diat By eates/vaRars besame vslignixed
pribttdithélr efifidd iftdShelrkiotion tRambde aTheddimbined @hs/Jdpdr indube 142 passes

orGHEE B AR5 18, SuS3E Il 5hb kB pa e

suchedsi 102 in/Figppar at us conpri ses a source 132 of a
pregur.sar. ¢ 0 which can be.a liquid, seolid or
s Rl R A el LB iR iy el RSB resctam
sogge 1i%r wyigh cam dm 2 tiguid reavtant delivenyi eppagptss, sowolid geactz@t delivery
r 13 2nd: .

I# acl %Jl%t%%fé eg%#%\ﬁ/%r b r%g C?L@%?égﬁgﬁé?%%fecur s%r%rscgﬁ?lggs - As
shovgrp incEig. Besegond; rgaqtant soirert It dediveraian additional sgaicignt to duct 144 by
wa o R 920, Aftkin¥RVely, SRBAA AhdtSnt Qurbd Bfldefivtr H1R1UEnd reactant into a

container. The carrier gas fromcarrier gas source 134

seqord) dyet surly thag thefyioreaciants g1 dliverrdtsp@atslyr intogthe reagtign chamber
wligfsSth@feabthats Birftfind itk A&k telteattibSEdha! THES, YRR ARMOS of complex

recursor source 132 is a._flash evaporator that can .
maggaivé}d%g dé@?‘{e‘é‘f“&ﬂa'?raf’pﬂ%“‘ﬁfaé‘% yrpRer ff reactapt saugges \ﬁf‘irﬂi’ﬂf’“any’
semeaemmd l_'tld,actusarr@' | ﬂe@grrrrwefan' _g;laecmserﬁélazsb. ]g%aaquﬂ@ras many as

can deliver sel ecte artia essure.of .a
25 saltarit ouees gdios Aucts pre pRiamplatée AMhRvitA ROPIE. frep spags pumbers
could e anseh t Slasscfio oantiotiers 180 camled used te tegnlaterthe 8ow lf gases/vapors

‘ . e . . Ui .
willEAE Hactalr AR RELGA! Strid. &, WSt Uachiblo HdltSis can be provided
similagly tforghe sinthesieef comiplex, materpllur al ity of flash

ev a%rnﬂe@ raﬁcfnfé,aﬁ]le l?&ctﬂﬁl%@eﬁnq cg'%oln}fﬁ'ée e 'nﬁ;% ¥er@sols. The aerosols

plurality of vapor reactants iInto the reaction ]
cay kg rfb'é'?e.dyméhlg dBe s7agtiRib clanbep of 9ptsidgrof dhe seaghiere chagtbeg pror to
injBRiofl1int8 GheMehRiod ThERbLr AMthe AEfo881€ Bre FRSRICRE Prict QY lifj8ctiba Gnto the

i nert gas source 138 and/ or gaseous reactant source
reagiion ﬂ}?‘“@ﬁhﬂ}f’mmf Fén %E%‘?‘\?%fbgf‘%‘gp Feagtagy ‘H’ﬁ?sé’%’ei”@l&‘f’ those
usedf fof pH3EdE rdadnts [duEh GA3R%Any 30@162 @Y Mg CI0MHdk BRGofnation of complex

uf[ia?i. nt .di s%(@nce from@he rea}cti on_chanmher sgch i

maqiat afdigonal aesq) SFHTUCT SAYRE VRV ESFOWEE Bi05omE e &9 Fupply
theafebirainoenposition Wwitlén fheaedctaptstelanber. The conbi ned

gas/V ro.in e 142 passes through a.duct. 144 int

o AR glttnl X eacie RARES ol SR (el bl reactan
is showmtinfiigsi Alasd 4s Uolet aszzIEOR50j eniécty, with a Agacticidchiamberit its lower

nt ' i ko

smffa%@%g. i 644ieSHo &ﬁxgr A }:rﬂl%sé B%E:: %:@dthéts&grg &B%&Sﬁ% 182 to

second reactant sourc \ can alig .
sequessidles APzzlgel 60vte the regstian shamber. glnles nozrle KQAORMIiSE§an;ignsr yozzle

166 and an outer nozzle 168. Inner nozzle 166 can have, for example, a twin orifice internal

mix atomizer 170 at the top of the nozzle. Suitable gas atomizers are available from Spraying
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apparatus, a flash evaporator, a gas cylinder or other
sui tabl e contai ner or containers. As shown in Fig. 2,

W@ ewonabspract ant source 148 delivers an addit i BCEUS2007/006357
reactant to duct 144 by way of tube 142.
Al ternatively, second reactant source can deliver the
second reactant into a second duct such that the two
reactants are delivered separately into the reaction
chanber where the reactants conbine at or near the

SyStEAS, 'WRGHAOITE - THE W orffRE irtdiRal ik %HI&F 190 hds QTR Spe to produce

mat eri als and/ or doped material s, @gnl ficant. nunbe
a thyp shest of %"?m%‘lﬂ&aé%"“é RRMPISIORS n%n‘ﬂ?’f;‘ is ;s%\ﬂlgtag’rwé%&rav&h tube

172lual §|a§5@ﬂ>rhﬁrdd&&dmf1ﬁlg ﬂ[e&ééiint&ﬂ&l{aﬂib&c&é §&d'to @?/ dtd&ﬁ%& ﬂteragh tube
X e, as.nhan S act ant, . sour.ces and/ or ducts
‘7§r§‘¥%%ﬁ’?faﬁ{2ﬁhaﬁ%%?'ﬁhﬁhﬁﬁa‘a§FFSfSﬁ with qTepleh farmation., | or ger
Nu IMoRikes mzlhdmbecomdes Maksintel @wﬁﬁmnsoblﬂamﬁel S&diondr’8 and a
e _use tethef ses/va 0ors W t hi
aeiies Fefint Rad rBetsebAG, LB MG dAB s SRahS: b, Fumne
seationd 7 &di.r@tsrxhe aqosnd) pgd gaaepub eotppcrsmodenimdemvaarsbgnofdeO t Delivery
seR AR § QG RLGLR Adint 189 OLRS R ROUE indeliof Fig. 3.
Feact ant St ream ca conpfr one®or nbre aeroso he
Reaatant saplening oy 82 bforhe anrsactait tmlleh ithe reactioni drambtra fyelight reactive
deidkRhdButth nbhfe 188K g%%ksc‘a' @59%4 B defbvd %T Slﬁél?fétﬁuht%llects in the

into the reaction ch t he aeros

outs BepFse dOWET Bezzleo! 68 s wereérby| antquter yeally k8§ that fprmstypshiglding gas
o Erﬁﬁg 269 QfRIuRdIng Red2Bint Bpdn umgd h&t emeﬂam@e@ast@mmmmesttﬁough

arable to those used gaseqQus reactants, such

tubgs e affiditipnal gmbodimests; far megntraducmn of AR aFrgRQtatithy pngypr more
aer6 YV R RofatBMliRG 1 adlelongsted tdatival chafibd SO HesO@AA LS. SPaBel6,993,936

R R A

errbmgeiiem tlef substragsis impnhted! @l rbwe)prmzzémmsﬁémsglmemg frém the
n, Fi

deliv SO cta
refion 66, 39 SRR o TREL-Ep iSSP B ity fo viewa
degirted coaping resslis. f lacemg Gﬁbodmbrat theosubstmateli Placehip ithesresgets) from no

o o 45 5 RO T Sl AELRTE ot SRRY o
radiagion boam redg® 4. cathe dovenstreaor lotus afg®inihwhens ‘the radiatior indnsity is a
facd i f 1V NRTthd RA%infimt BEnf BBnBiRY §n ofheF efBHMERs ufatht:%e(s) from

orifice internal mx_atomzer 170 at the top of the

abeys P mm tg,1Q g1 andyinsfughe Ambedisnegisdn Ao rangg(plefrem ghout 2 mm to

abowid 8 . %&ﬁ&rﬁiﬁrdlm kil h thé brt wiih@ndeWtand ak hddi®onal ranges within
om zer 170 has a fen shape .tqQ produce a

i nternal
the gxpliciiapgss o gﬁﬁﬁsﬁs gistancgs Frefoneivrd ang ﬁrﬁo‘mw HigPreseat sifcigsure.
Thé Sodtiagl ptodeds genail3nk apfaniidinQhtgiendelthee alvel, defindll 1FOEREAGW Ean be
inty uctlo e reaction chamber are fed to the
d"%‘ited % %?‘Fﬁ};e 174. Interaction of the gas with
t heAl rez;pmsehtas»sl qiparamthomoopﬂrbtmfsubstmq ovatin@widin the reaction

HBRF I UGS oot RIS e Lol 00
areagant supply BBstémo Rk atriybatign @mrzeez%@hd am echaust @28.| Extpgs 258 can be
corﬁﬁé&@& 0 éﬁ%ﬁ 980, ]“Kﬁ?}%’“. S éss&r@‘%roﬁﬁﬁ@?& eI 368F8an maintain

nposi tions I Nnto section 18 Del 1 very

ﬂowébliopglhthzsmst%aeﬁqul‘@ 7e§2r°é% beassdite contiok theflow 9mmpR§0. Valve
263 8n b 1N 1 Bjuk@e ipiHBinly 1B ahdl She Sbrresponding chamber pressures. A
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React ant opening 182 forns a reactant inlet into a

reacti on chanber for |ight reactive deposition. Quter
womowzhess468 conprises a drain 184 to renove anBCT/UsRDT006357

that collects in the outer nozzle. Quter nozzle 168 is

covered by an outer wall 186 that fornms a shiel ding

gas opening 188 surroundi ng reactant opening 182.

Inert shielding gas is introduced through tube 190.

Addi ti onal enbodi nents for the introduction of an

t
colE0% Qudth. el Cnlber 8 o MY 95 Lan SRR BESygell ol 252 and
pugp 268 oMoy epCdva nempasitions that did notigeepatefontotthaqubstrate surface.
Del i ﬁﬁsrn}éte%a&ﬂtddﬁtﬁ& ﬂOV\II ﬁ%ﬁ&@%&bﬂ%ﬁ@ Q@é B Q%t gxe substrate with

reference I'n general, the substrate 1s nounte
predugiciorpogitionsy SEbE@ARSSican bmlowrteﬂ/m@st«geoeﬁwmr{ @a’aq likgi270 to

swéan Substhite 28k Sthuge the 8%t NSpefRAly, QBgd 276 daR Hennected to an
substrate can be selected to yield désired coati ng}ve btrat
ﬂl (]

actuatey, pag 272 Qr ot MOMRSBET ARRAFALUS toBO S Hiager 240eto; vepEp
thrbmgﬁ e pfoana%&tsamI vamh &%w@at ?Pa&n&qtséd é&v@@ﬁﬂie@?ﬁfg&aoss
coax 0 n oW vector, neas rom
the BT P TeS trR [5aves Areactiph 20180ty SOEPB AR F g GG am
27p edatidlBes/dtape 2 70 he swedb sabstmn: zaﬁtthmagli the |pﬁodnctf swehr Stdge 270 can
1/ e2 of the naxi mb i nt.engj t

@B soedtl%rre a{l SOPROL 152 raﬁgag](pr Vi rgorrn t)a(\%ouého E%rﬁnt?"&’ eHgure of the
subslrateamlstage 310r tOtkm desiprodpresites, canveyoe or tha dik¢ edn Herused to sweep

#{?1 &I?’po gﬁ% wm A person of ordinary skill
art understand that additional ranges )
vv| t iign St shewe xeactagts delivanesbfom fthes bastony st atiflew dhroegh e geaction

ch&REYE Sb&FFOrPHGHOR @ Y. tﬁ?ﬁevtzp & cBf 68 6ediratiid RGoWSHE ?&ctyﬁ?form the

coat | ng process genera ynam c In the sense that
toptohaye tleps fiopetdie faralpe: In Pé‘%’ dox geBfignration; H1@vibcanasyist gdth the

deﬁ;}éhﬁhl’pﬁ{cﬁss| ocations. A representative apparatus 250 to
perform substrate coating within the reactjion chamb
i s SYBtE arbadiment isghpyyn inanrexgandsd viewdn Figs & and) c“oﬁ%"F%e 280

m@bafémm%a redetm0 AR B2, b@uﬁlcaeatbyam right Qidedted Wb W TReactant

T TR I YO T N r—

opﬁche elpmems thaedifecoaligh dedre aloh@ pith 284. e@prical et 284cialocated between

fI the stem A val v
noff A4l aliesfle o) RHfkAng BFeaSih 2288 1y HNe SPEeL HluRaie 250,
us e Refegringdp Frigs. ¢ arel blawpatmg 28 tiscformed 3 e Sobstratesip sqadnadgpast the
r s e filte
T SC&HJ%EE Pr ?E&&Tﬁ S 26 580 %E%St}’eskﬁﬁbd dn' GEkonv or/s e 288.

er or can pl aced between c

Copwyorstageiftran 5o corpertedrin an sty @rm.casFheyst in HigsS-t hmltmatwe
enBbBimBRS, Bfdrs SRRL GHtRN SortiRSous %@@E&@Eﬁot%i’rafn?%?a varlety of design,

Substrate 266 can contact flow froma reactl on zon
compmsipgknoyadesiges, fog frapslating a\Rh“?SH"“ﬁFﬂb‘Eths E?rfﬁ’a'g 558 P%‘ate

Sub#t sethe embbdifiriits Dihe [POLIIbE @ f @BmEYSit ZHScanCid dey@cﬁd toOdilter the
t he 70 t svvee supstrate 266 through theﬁr V‘b’s
om substrate to

ke
d‘sgﬁ‘e“i:f%‘??‘éa te %Cﬂeaﬁ% Chonesch & fryangs
theaehdtivh Goné bﬁr&ﬁ&dﬁfglﬁﬂt‘&ﬂhﬂtﬁﬂpﬁaﬂﬁd ofifegpraduds sttrmmmbmg the

gt e Ve PaRlRe B T Rer BRE TR B hutrof FEREL e e
prdpearties ofthe nggultiog osaging.h&he _distaturaaieeavsu tieoswbstate dndehe reaction zone
mxgng{%i;t%gep'egﬁ%?&n} RFprb&RE bk tMfg pfop& Y Huchhs Ghblling density. In

addition, the stage/conveyor supporting the substrate can comprise thermal control features
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272 transl ates stage 270 to sweep substrate 266
t hrough the product stream Stage 270 can conprise
wao b@riredsozont rol features that provide for theP€CDOS2007/006357
of the tenperature of the substrates on stage 270.
O her designs for a stage, conveyor or the |like can be
used to sweep the substrate through the product flow.
Fig. 5 shows reactants delivered fromthe bottom so
that flow through the reaction chanber goes from
subP B tépeRiure PME ¥Mistratk kar B ladpBted @S hipAQ! o 1dvibr ftdrfbratures, as
the reactants formthe top to have flow fromthe top
In a top down configuration, gravity can assi st

Wt Mdolifer SRBOSnEMST aniga@ﬁsawe/a&sashﬁh SBFRRH BB 1 Fgs. 510

own in an expanded view.in

RSO roubie 5 stocen hampen 10 inadies S bt 307, Copteserido 9 §Rs laser

and % lighttued 0actohivected o & b&iit ity @6t hewa). IAOvinleRRBE B9 éonnects with
nozzl e ﬁz is | oce‘?(teg ust above substd(raat e 280. Aq

a IhrYRoL10e @ VRS FPHy TR I cagT i8ases:  Inlet tube 306

letks anﬁrbt:as hbrle 308" Antexhaust gdmtsp&)aam F0asogngeaith peddéss chamber 300

th.284 is |ocated, b zl e
ol of P BT FoorpRes BRI cERpt dpirert HppalD leas to 2
preducet Bltretiof clambert 312 Pr&BoOt ﬁlRetﬁcerohamga'tad 2 fepgyects fo apuimp at pump
thg 286 is fornmed as the substrate is scanned
wg}é\&&?%‘g reaction zone. In general, substrate 280 can
be ¥y e¥pardedview ob mipesss ichambey 800 &sho@n iy &EigoP/ A aehstratg arrier

318 WpRets %%H&%‘"a{e%o@é’pnrggﬁlé%&@ﬁs HuBraftScantii? Wi Hs”oo'r_‘nh&:ted with

I'n alternative e ments, rollers and a notor,

an@@ﬁﬁlﬁuwﬁh anslatesghe; shstrate ggrigrtp mgrve she mbsteags thepugh the 1 product

strés balBnatin® B thé ReclonQVhe Whed ﬁ\@@lﬁhtfﬂéﬁmtuﬁt@tg&ltsqﬁé ﬁgaasor stream
substrat epian be used to carr e substrate

R DA TEELS 0 ATB1E POPPGES & RD JOTIaeE 12 it Beshieidod with a

tuldlj AlBgHe enthyopait 320ris tided teldisdcOdBight &mawb@tmm nd3£e BOB and the
e di stance from

t Cha
subsiptel TR ehf riRaien TP sis dlowe AOE PG S il proceed
dub&g/ tbeﬁnmgtatoﬁiletsm wihivh lwﬂdmthmst maméamtse %uong t he
strate e e r ure.o r oguc
ot P GrEaded Mot STRERE R a1h g Prodfs Sorte 3 s spownin Fie
1001Tht bad ofggodess mgzle 388 hasgan opbmenglfog panureox’alebvm B24 4nd a shielding
a8 YRS B0thd BEakERThll OBRERE thetireliloh Blellhsor and produc

uce properties
flogwy cYubsiate eammidrd 6 anchisies §/suppert 32fdthatj connectsite process nozzle 308 with a

braiicélgﬁ/oc ORVGAG 33§U&HQ{etHeﬂﬁmt J‘ﬁ:oﬁﬁ&bﬁwsﬂhﬁ tHaBWafeP B3 kﬁcﬁs within

thermal control featuressuch he tenperature

mquak 334 ipomg Arasks 236 e r%mfmsaferdﬂ?omw glpf'eﬂowfr%m rwwon zone.
BacRGREh &S BpredentsAfitbitRMed\Boifibn SROE deailoa oh u&lﬁack of
reaéél ve de %Sltl on ziL F%ri\éus is shown in
T TREKs Horepgrecgto ‘5 dé&s chanber 300 | ncI udes a
[ gtrbr hmyb@ftﬁaaoamg raeﬁﬁgefhtbﬁs theGhlerskaialof detflav it lilie substrate

Sep R N SR BT B et Tl sy B elipes o G g gpsiin of the

regtiet elnmbbhadutidetoiacaiust faa;he t:hangamt dinettionanf thedfiwr duerto the substrate,

ratggstﬁasn Sgl!u{inllgﬂlg °§$§ ug' qugcg ?83‘ fer% the ?eg&?rg & Zﬂo? e)?’A(;)l: ilem'gtre}lrlay be

xhau ube connects process cha
degﬁyble to alter the chamber design to direct the reflected flow to the outlet and/or to change

the position of the outlet accordingly.
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along the flow direction from process nozzle 308.
Exhaust transport tube 310 | eads to a product

wo pdovnetsion chanmber 312. Product filtrati on cheeies2081@6357
connects to a punp at punp connector 314. An expanded
vi ew of process chanber 300 is shown in Fig. 9. A
substrate carrier 316 supports a substrate above
process nozzle 308. Substrate carrier 316 is connected
with an arm 318, which translates the substrate

ot r dubfned SRl CrbR e S B et YR e showm in g
11} jAyiperatye 360 mmmsse@@ztlher 1pgh9wr®c3|52&t lleetamtfdplomy system 354, a

n
R AP o Rl A SRR Py 20 E L g
shewn Kithyseme spegific seagtaeﬁ fop fagmingcdopgd |sﬂlgm’gq5@arrwlmepm@eﬂa other

redDERES b REAEEnARGRIIR %ﬁsﬁ%tea%%%ahﬁ disclbstirBhérein,

enbodi nent , unobstruct ed flow from process nozzle
woulAf Podtedt Fif-r et 1egetant delinay systamz 31% camprise ghs delivery

subsadsm 360 aﬁa Radsdr delivitp Bbisysténti B4 BdQjoin A mBAiRAB8 e T8, Gas
f suhstra 6carrler 316 and rocess nozzle 308 is
ey TR 467 G5 COTRESE e B BECOrcR 55Thers 28es Flipdey pr the

like[femthe delivety ¢ff @swmmrthei eealtiofr chadiBet. aAuCshawa lin Eigd il 2\0pag délivery

eni 326 aro recursor 0 to confine the
RG2S Bt REHR S P S Bl okaef 3Pposf BrebitSor 372, an
maagw sonrcg 316, andci liglg sabsorbinp gas soud&@B83 16h aThe gasee cdrsbitein a gas

; 8 w t. G .
R e e K e Gy
safgfyt Hnewt gas @WQBSE @h@n @lso nsedite s@RY ingrt gas\weithim fhe ch8@ser adjacent
thd mneow@néek aw f9saMsl '@ diRBCHghP Boh URGxteRRAE hgm fisurab infd Shamber

prevents uncontrolled deposition of product
35 éonp03|t|on on the back of wafer 332. Tracks 336

con :}Qﬁér aengawas{yﬁt%mlﬁtz; c%ﬁ'l'pntQ&Ya ﬂf;rahtseoﬁ:ml@h |e0£borators 390 392,
onrig | oNns e |1 nterse Ion O ow
30 O Bact HAR CBPTALRTIn bR LI I LIS HR 1 WRply Jiid precursor
in IstntzmiequtlﬁkSSI Saitibr fl&hS@hﬁﬁitofoMe ﬁ?ﬁlableﬁﬁ’orﬂ{lfot h:earpple MKS
react] on C tl et aC t or the chan .Nn_.
EQERER, Prshde iRl Srrratia e aibionkns. A Ep W Fe 12,
flashh anagomm rﬁ@OI 392,0804 edspecnively dupplgta Isilioen fpreentstiiea germanium
E I desi rah
prdci! e drlieRbechObroEARID TRe Al VBloralfrs UEPb{ BBl o deliver
a selgcted earodmrasurawdﬂmpaﬁwubh amewrhéhpwgm &omghe flash evaporator
ar@wéa%a 1R FRARI18 954 AN @R thSRPSisTt G cSARMBH I Hne @§s aThe vapor

react|ve deposition apparatus i s shown in
WW%WW@W@BW@WNC%& a C2 |aser |ight source

3528 gﬁse&ﬁﬁlﬁaﬂéntéj BbinVEk MefiVer) SibsRadn 362 LRPG4poP Bomponents from
chanher 356, and exhaust system 358. Referring to qvl
ixing

vapos | delivery gbgysten oﬁ%g?&nﬂ@%ﬂomhw I FEOIPER| ??%
subsg@terh 366 Sail B¢ a ninifoldghal GpRBings the RN/ ﬁ&h@.ﬂ delilery subsystem 362

N S ITA LI T W -
to infiprévegmixing of theaotnbitied diolvs oédlﬁfemmstapasrs aﬁnﬂga}smm diffeesnt pressures.
R PR E0 02 RR0, B D g s
A conduit 400 leads from mixing subsystem 366 to rmctlon chambcr 356.

A separate shielding gas system 406 can be used to delivery inert shielding gas to a

moving nozzle assembly in reaction chamber 356, although inert gas source 374 can be used
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delivery subsystem 362 can conpri se one or nore gas

sources, such as a gas cylinder or the like for the
waledoraesy2 of gases into the reaction chanber. PGSI/BRON006357

in Fig. 12, gas delivery subsystem 362 conprises boron

precursor source 370, an oxygen source precursor 372,

an inert gas source 374, and a |ight absorbing gas

source 376. The gases conbine in a gas manifold 378

where the gases can m x. Gas manifold can have a

N

to % g{]eﬁ %{) CXE%Jé 3%?30‘%& l?Ep jﬁclﬁ{] %(dzalas %\%Et ﬁ@ﬁm?%ﬂ &Sm the
ex@kmlrbeqtlowp%@e mpzzlé eervdsrad avenidecfos dite 1882ant Peturseesiream into the

hgﬂhlreﬁ%‘onzb@t froman external |ight source into
er 356. Vapor delivery subsystem 364 conprises a

pl urfahgat worsroller é%ca@\m;}@%mtr e heap shrougivicongugtinn heaters or

thd 1iRS BrSIpRABEY @k %p&arehb&y CRRIREH SR iy slehfI¥6land conduit 400 to
reservoir to supply |iqui d precursor i'n _suitable

(9f ietiminate mfifrébtw@ f| DRGHTSA X3R9Fat Hruitahie hepf &P'I'“é’é‘F‘eis model

cr? [2Mfrobd ao:ﬁéganmlgneégilﬁ SwmBre n?pr Oa&ﬁlbepr%ﬁﬁbl CRfv can be
IO eadl |y ava e C one S snown

consSlIpirsayfoted 25t DY onag 5t Bag Ui osaerats (YaiEh® NY). The

DXSI mmkrymswm 0 intepfacing Bio rmasa flger coatrollams vigkralis Qbrpg rmillerica,

MR? ﬂl"g o bESHP Qlore vaBSdat grsegurgvrsa A RlatiS R B RE system
0 de Iver a selre pressure o

cah helqmatted:witlaa cqntroerrfeoor Bro'ﬁhsaP&h@mpmatﬂmdmhelthoidl AMA).
eVaRUaLiol o F‘Es dl'3r Sl 1%0' | neb&f’%% %ﬁgﬁ&a& ciffbeF Lifcture

t he vapor comon vapor
420, zwalen mpgntrﬁ22 am‘l 2 mommswzﬁ Kehagber, su‘un@regdég rests on a

sta‘fo RN Hambly SAARS4HPLInFES S HASY 332 MaB82udD dio¥edRPh a latch

onents from vaggr del’i very subsystem 364 are
4360 pRBA stipetiief2Ralep SoMBTASS § Stindp)  thajiscpesifioaedhioyregeiye light
ﬁo%@ﬁ.s&@@z RRda WIRIW £1806t HdingRb With hh6e E&fa\e&é& R 3%Sr meter

del i very subsystem 362 and vapor deli very su stem
(nagshowm)n "Windoyrdp sap @ﬁ‘tlg%!eé?nsg%as 3 Fydindriy ‘P‘P“l?é’ structure
420 rihteFicel vm. nBYEhY \iezAR ¥ystgh at4 uhaww@w epdné hwvsm.f Chamber

e 858 35 A e s P, B s

Rdﬁaﬁkg It@\mg nt49 chamiser qmuetsmni) ﬁmhac emnpnﬁ:ec :antéamintékma 458 that
colgxge%gss I omdegﬂvXI n %%F%ﬁ (g oo duxt %hanbgzzée system

se arate sys 6 can’betus
42tioRd&mngeo Vigh hbaffleh#6), éﬁhgllgaﬁowm‘@nmw@m@ﬁz*% Referring

to %%S ?E'JQ'LVX _}%Bﬁ&? élﬁ&&% 8 %@@@iw&éﬁ‘y o@n@&‘ Moée@ ?J éxpgés(open) or

source 3 can usedto supply inert gas t
Sh’él@t(éloﬁmﬂ)wﬁ@sﬁ%n of the moving nozzle. The Shl eI di ng

gas ﬁeac&mg REFigX 118118 3hoviRCrldz218 Sy@ém Uhe chiRgkea %W@Snd%%t 500

gui de for the reactant recursor streaminto t

a“ﬁ |d§‘M? SYSteRt £9% nMoYyiRg monnt, 30} comyisesy? merntingdbracket %’é t%e gozzle
508 @nd Mtdr@hounRS 10690, Muuntipbredked 504,i5060 chiritaiosz1©508 448 mirror

L Aot e e L
Nzl 308 aBb icompiides filndelsestivn 520204 sectafigulari seetitne52D evith a metal grid
5240 E‘E E ec{lon expanc%et{'om an orifice 526 to rectangular section 522. A flexible tube
528 connects orifice 526 with reactant port 458, such that the nozzle remains connected to the
reactant delivery system as 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
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CN132 from Orega Engi neering (Stanford, CT). Overall

precursor flow can be controlled/ nonitored by a DX5
w@enwrnedsher from United I nstruments (Westbury, PCIYD$2007/006357

The DX5 instrument can be interfaced with mass fl ow

controllers (Mykrolis Corp., Billerica, M

controlling the flow of one or nore vapor/gas

precursors. The autonation of the system can be

integrated with a controller from Brooks-PRI

scma@.emy Hivpl ke lmfgow anﬂé%)gh ottt Sftiok eglehgmfbgalduk?baﬁ%g used.

reaction chanb npri ses a chanber structure

Mﬂ!efogn d,52Agiwdes g ﬂpwz@% &meléeﬁm 4 thgrrids agpeteaiformyflow in
e@ﬂ%ﬁb?%eo‘ﬁbﬁ 80 UNDzAIE %@&tfér ﬂ&vﬁi&&é&lﬁs 4r8 QescAbadRfther in US.

struct conpri ses hat 32 that_secures

Paanbééag&ﬁ fp g‘va{datﬂcﬂ ks Anitler] A Rgestant Nogeles, WAt Boxying, Reactors.”
m@emm@ @éreih By Referendb3OREMRAINgI 8 FQS14, imied rﬁ@nfsesml $€2 extend

ht. from| aser 352 n w 438 for [
apegies’ RTCRoRane HRakeRrdr ot Mtffop SaunlraiBe 1 fllp comprise
WWB%' miibni30, 816 vwha:h cabe, fiste:xample parabsli€ br @dindrically focusing
|ndr|c | ens. r str ur.e, 420 i nterfaces
ﬁ"%w M FAR S ag%%‘ﬂi&lt °c}‘l§5‘rP“g'b%‘7“§8° JBFpE 530,532 is
shawi@ with4a . an@iwanﬂ’g 14¢ Mmbumuntﬁlslo 1312 cdrmeetswinh (irI!Ne system 502 at

W&( S%84 84356 through four vents 450, 452, 454,
" ferri ng to Fig. 14, chamber structure 420

f ur Re&rringiepis- J3s driversystem 282 coroprisesia Bual linear exipalatos 540 and a
mét626422Nh o€ kin¥GdithertY e GRBtGORoves 'agnagilla)thﬁtooﬁﬂ&dt‘d'tﬁe ﬁl%pulator

w th noving nozzle system 424. Referring to Fig.
TP el St Aeontabothg mremPr Ry the masiultorsem. 4@3 ms?sanem of the

mmlat&eafxﬁr lremn@ ih Qhd-ingvendeht of We- B}Q&bwdaﬂe%w&hermé%%locuy and

ac{ﬁ?ngt%%é 8“% ﬁgld%/ Wgene and osedp%jg g)éeﬁigtséot @sfgnodel

szkmmgLNNmFaosﬁ;cﬁﬁs gg&:ﬁ&sclemﬁar(asa&mﬂ, M)V | Referig] 16 Ft‘g0®7 dual
ol s 0 e » N B Mo S B 4 r Bt o

54HDM’mtc8’ ift&fhce bilaket eburetts mdth larfast lskifis548Gd d aS%nd ﬁmﬁéﬁo as shown
510 2.

in i}%n ne Cfigsqg\ﬂh r%Dr%n eg@g)ﬁggé e %a gﬁg%lpgﬁ% > an %esecond shaft

558 tdmpristHa stip 564 mmctaid@pmtmbaﬁ 5§65 Refmie$ tosiigs. il 3.) and5PN) stops

56 %Jlﬁﬁl R RN oFaGk d&@?:%wla&& 0 g%)gé k560, 384 contact ports

unnel sectlon expands Troman orl

4P ettZangunrart shalks P 399 Flidenthroughinorts W%ZW@@CW@“ are
seféd &/itﬁ 8n 84fhgWV Fulth&rRRed, Mkt A9 Cin BoRowsHrdin lihtaback 3€ the translator

nozzl e remains connected to the reactant deliver

armg §Q, purge the chayaber @9d fodkerpythe army leageryuith Tespackle Pf°d“°‘y°°mP°S‘t‘°“&
Suppdio eialite 1362, sesqtoaﬁ@sa hath H@6Rgd BekziRsystem! at ARGpPoA brackets 534,
53fc)ross se t| OE'WP{ &nm ons of 0.08 inches x 4-65
1T EFRELY; BhERet cally a top viewin Fig. 16,
alt ISap;g:ht shiafie suppaiti msvingf ndzelegyitem @24 wWiRitthamose) chamber 420 can
gq%e l“ggcﬂ‘bt , n%oltcg lru% 24 d' a %grr?oggnhenoﬂ Oﬁ){% Jrlé)rgar}nple a guide rail
can e timmhilet an eek tside rofBEQchahkbml #®helguidg maJISflmlp td ensiureguniformity
r r t S
SETaRIER, In ERGERBSUPCAL Bl B KR roon bearing tha
fOlNdwzt'égngﬁml Fl owi ng Reactors,” incor porated herein

g{zﬁng;ot%gﬁé}ﬁﬁodmﬁ@ﬁ,e ExHaB9 &Rtefi 958 Ibmphids” £ colHN 580,54  shown
schematically in Fig. 13. Conduit 580 comprises channels 586, 588, 590, 592 that connect
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respectively from nounting brackets 504, 506. Mrror

mounts 510, 512 al so conprise respectively mrrors
wG37186632 which can be, for exanple, parabol i BCDUS2007/006357

cylindrically focusing copper mrrors. The mrrors can

be water cooled. The |light path between mrrors 530,

532 is shown with an arrow in Fig. 14. Mrror nounts

510, 512 connect with drive system 502 at support

brackets 534, 536. Referring to Fig. 13, drive system

r&%%%%v%ﬁrg(ﬁl@{ §%1§s fkodyﬁl 4%4 NS ?%P% st!tg}g 958 %Oﬁﬂﬁeq- cgm se a filter

onk enbodi iEn noves a
S%hteto indinp ISedasop® (VE. Rnﬁimqshtlmrun tRpHS W 6918 arftog punbp 600 Condmt

ssﬁ%hﬁ&&%vIIMteF%@ Thd tSonfbfs? 5‘<bd° Bbszbegmmed b8%een filter 594

nmovenent ne” nmani pu or a mrésults i

anﬁwmé@f) t@prevm chlotingk o demaging egumm Theding Epeiseegnd chiorine
Airdltlyod th&p@Hsl N AULithKIE phRp O Por CRBmPIR, a dry rotary pump

b
preC| se? controlled. A suitable notor is a nod
’I_SRN%PT‘QS’G RPB8R-Paci fic Scientific (Rockf ord

l L) .FoRele@iahdlidg of Qurdd sUbstrhies, éﬂrgr%bnhb ﬁﬂﬁﬁat%ﬂidlﬂé a;sxﬂsacﬁ&fban be

nRy.J.ses .a notor, |nterf k
F‘g t Y, prod pgg?egg%txowtgr 5 Fﬂpe?f?‘gﬁ é“‘?ﬁ“é‘&k étw‘gﬁ et QE substrate
hawmdg appioatiet bedodictfedsible suid the B AT theMubktrdddéan theh be contacted

n . Fi 17,. Flr t shaft 548 conprises s 560 .
wili Sl e, ofting IRl 8 SouerOl GG FecyB (6 SBgE in. scan
thoogip thesm@ating pltooqss 566r oanubreanme,cmﬂdemumombtsu‘aiuafet fr& Ghe coating

Ref i n S n ©)
b D sk oflein b2 Bl st PR HED paurellelth o Bt
om@ﬂpqmgsedggm tHelnbstiAS . OSq pmete oftthé tcdleﬁ(i@n bg @éptorized to

pr%él qﬁe tsﬁ't; h Wé tr§11e44l91'5__ éﬁnve St I'n' \fﬂ Yntexm “xt;'it Egdltlonal

sealed wt -ring errmr Inert gas can
CORYQYREEPMANCHPALY #éhbaléktraé«rs armomdawgy &pwh%&q#%arsﬁ r@@er suitable

cohPoF RMERR incARie, foPelefipie, il riadn BorftdcR REEFon Yyl Wi Rifless steel
t o product conp05|t|ons Support shafts 562, 566

SUpBifect with noving nozzle system 424 at support
br aaiuet &nbh%afnenks 3ba céxﬁz&ﬁﬁ%&t&rﬁhysho@l& ifi FN 8] A Brge arddtsubstrate

port .sha pQr zl e, system.424
48B.F Bifuiap dolien B o Subes rpade Bom §ifiwi Carbide g other
suitsbld) @laferislhatois ttoltdast ofxtie ﬁgaramazd en@yxahmnanger Reﬂaﬂ'pBZEpan be

de rail cap be cl uded each _side

Ry R dofi of Bhae SpiaPE R s "Bty 1 U Fouab o pijeon carvide
resistive ﬂngatemadsﬁ&ﬂt are positioned dorbeat pbutidnnefithe sutistrate grion to and during

i R G e
reastiap poneetB8asodha duprodiBBSireagsis skrected o émfsa%f)y A Hight beam is
poE'hgned]tg m@%béx‘p&%&uﬁp ﬁp&lé phane Smg @iﬁlﬂ% i%@zle §§§ is e’i&%ated in

592 that connectrespectively wth vents 450 4
thqslsecr@ RERLNCIAE {o ie page st ey wedshaf F‘ébétf%fe f‘f"? jsespated in
onePéss. two in-line Sodasorb(r) (WR Gace) chlorine

trap 596, 598 a _pu 600. Condui.t 580 conne
rpbsrats O S ISR DD 156 FPHomEReas gt £ Adpged o
acmle*&qﬁﬂndmﬁ' ‘obﬁﬁwfei; | Farrexafigle ahelsubstrgpe Giibetcoolpd érinpithe deposmon
g%soﬁarlacgg relatl mly oo%? glbn tt ne £uggse tInQ 1e)ro|d|u ecorfn{)gsrirtliosneo%q surface.
However, in some embodiments, the substrate is heated during the deposition process to

promote softening of the coating materials. Suitable heating temperatures can depend on the
particular coating materials.
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trap 598 can go directly to the punp. A suitable punp
is, for exanple, a dry rotary punp from Edwards, such
wa@soonoash2 QDP80. For the handling of | arge subBRCT/HS®E7/006357
appropriate substrate handling approaches can be used.
Wth product deposition onto the top of the substrate,
a w der range of substrate handling approaches becone
feasi bl e since the bottom of the substrate can then be
contacted without damaging the coating. Thus, a
COMVEY ChmBYSTHdHB(1¢ cdAfind ik alob Charigld i {48 @Y dforetely
the coating process one or nore tinmne, renove
to qerdnce dayery Moth varEingosamnegitign.ewhich ¢ag) meqﬂvea@ss@dwsqleme in
cofPBsitiéh BRRVRAI &Y cShPEstidnl eorrsakére&a g&g »bﬁh HRcRé RBmbEsition

be tol erant of tenperatures used eat _t he
differgnges. o The respiting frapgifion ppteyiafcap BP‘reear geR-yiiserhangs; ip cpmpepition

frotno amr&pwmﬁobﬁoﬁ 46 %t de8dr. colpBsifibh.| Elen&alythé st WbMposition and
tem can |nte face with additional _conve

S°°r9c5‘ ﬂ‘@ﬂ‘i‘gmhgret‘ feCUTRestent ekt 8?@'@@6@@("'&\&&%‘{’?‘6% qopppositions

in Ghélshifig 18yee R sGdhh eat Ihié trahditorC alaveiD préyddseagradual tassition in
cont a

coupey i R G 'l s 1500R. "l & Fh Rt ey fob Jaye o
laysyss tentrarsitoh ovatenial gPaggallyliias afldastr theee dayess, srubﬂrbr ermoddiénts at

| S
s SREE il R bt e Saite i WRERHANE, €O SRR [ frers. 4
petsgn tch |asdingny <kiill tim ¢hea prs rvoif rieeqeaizecthigeadditional ragge(s) within these
es%?gc&@&nl?gteé Qﬁd"ﬁg \Jltli‘lﬂlnﬂlg E%érﬁ d%logﬁlgeﬁ'he total thickness

swtabermterla shown I nt ure, 7 silicon
cag be prlerded ssdesired, cFaresame empedigentg of mteeﬁogachulwe Withig the step-

wibie@hnsint xhs&eﬁalogenmﬁy $H 8 lihidik RsdlesO thah Odb@ﬁ‘tdlwlﬁﬁ&&st Rother
coatln% rocess, Reactant inlet nozzle
N

486
gdimen than gbpwicS migrense i Airther swb%mgn% lg Hpe range(s) from
ab& 1R8OI 1 1& mt%ﬁm&%ﬂsmﬂa iR afdiG6AHE lembbiRRiits & tde hﬁfg&@ﬂ from
onto substr e 480.. A light beamis pos
b oo 1 PPy | R gerE o PR kil i 4 a5t il recognize
thdixlaaaihenaslsﬁages “edhﬁngatsﬁﬁnﬁdrahgbe off ildyec hiriberp @nd Bigek t(hwkﬁﬁss are
Wi subst.

p at . the enti dt h.of at
cop@np Rl A% AR ok Wl bty 1 77 Rt S
trassubett mateziat rray gy thine notelpee iapproxinptaly egeal ghickipss.  Similarly, the

steg-%lngeS %l‘?agg% ﬁxe&q%%iﬁr%gﬁrgi Ecgﬁ%otq . eeghi Xﬁﬁt stE;% between layers of

th@eqaeélpplﬂmﬁefpﬂ ocess since a relatively cool substrate

can pP GRS Guctibs oP UREE! detREPASbthérOphtiehell sfudited 8% & substrate
However, in sone enbodinents, the substrate is heated

surdase; the QAROSHIO OF Fheirerterist grewlly psslifforentot differsnt lopatiqes within the
stridd@re C OBS iihtebdiBS @d AdnSposmibh tvakitRnh B! EQPsitiGTRRIBSsURRE can be

can depend on the gar ticul ar._ coati ng mat eri al s. The

mag 6% SReRIBC SEuAYrFRy MisTRPveY: EHHU%“E‘FF%Q’QB’“‘*’“ can
beuﬁwrfemmﬁhgme)dewsnﬁhwmﬂ? B{ﬁyaibﬁ opfewkteal strhayres. 3 vv: th

var onposi.t.i on ich can ipyolve r adual.

chanid; (hedemaTition PORICRLERJEH b e ats EpBRETign of product
dephisited et thelsapstrage caintbe chlarged déringotbergeisition process to deposit coating

material with a particular composition at selected locations on the substrate to vary the

resulting composition of the coating material along the x-y plane. For example, if the
product compositions are changed while sweeping the substrate through the product
stream, stripes or grids can be formed on the substrate surface with different coating
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di fferences. The resulting transition material can
have a step-w se change in conposition froma first

W@ o09poedsti on to a second conposition. Gener al | BCT/UR®07/006357
first conposition and second conposition are the
conpositions of the adjacent |ayers (or adjacent
conpositions in the sane |ayer) such that the
transition material provides a gradual transition in
conposition between the two adjacent |ayers. Wile a

co Qﬁbﬁs‘ ANaifBlehl I%@#Pescgpgl;@\fcfc &%ﬂsl 1524 ﬁ‘% §1§hE R:% 1ve deposmon the

ansition mater gen
WP@%@mSWOOtCh%PG ema@d:rmaémsgnathe F@&@Pts@%}t awt @ farml theproduct

cof-ngyg&h@r[s SBOGiYRB he ké&c&&?e&nﬁﬁﬁﬁisin EJrRéTExﬁb&ﬁM%ﬁé fh@ Fractant

| ayers.” A person of ordinary skill in the art wl
ﬂ%eergmoz)@nfm Aerofdend/eroppsol APRGEPY) ‘wl%m tbﬁe‘éa@"d 0 aler the

cofilpB§ilibn 6f tha PeRTucal @uﬁﬂiﬂ)e asbaast eshcantehtidhSca Behdelécfet‘] &y varying
gresent dlsclosure

t ot t hi ckness can
R bisn S lae Sty SROrPSREmEntD ihedRpS L reAftancegpditions
caft aldd hwrth&\/lrédﬁllt[hgt podadtefopértis. t Fanekimple, thet &éd:tﬁin chamber
1y has thi ckness | ess.than about 10Q m cr

pr e‘g‘g{ ﬁ%?’ BfSo Wf‘smf’:@%‘g‘/ t‘eél?f‘%sftﬁgy wayhlene w“?ﬁ?‘fa‘“’“ of
indrtidihleat gasrbothemeadtionistrebthetempagates pf tieoraaiiufiovo@ih affect the
copﬁosﬂp “éndzoqs.efpfpr% 2 ?%%?ﬂm fﬂoé%%{jm& gfjg! embodi ments in

range(s MCHBA Y about 10 mi crons.
A péh’lstémpmﬁu@r@mmsryos lchdrige$ part be introdueud| by chrngpgi the reactant

ﬂoW%BmBS’s‘i’ﬁ i Qp%e er t‘i] iR SREL dén Ptgt g éﬂxgﬁéh the

yer nu ers an ness are J
pr@dﬂ@t wiream, nit thay e e@émbl@h qspmazllyr whemimore pjgmi tchanpositional

ch&&%s Sk€RmpbsiA, 5 A e BegBRitidh | GerwERY tHR' difftyent Uepbdtidh steps

proxi matel y equal’ thickness. Simlarly, the
m‘sqh@ag Hesitfergat roapositioRsissicxarmple, rramsronﬁayrtmtof £ gRstrate with

a fﬁgtudo»sﬂ;loﬁabn SAEMS rB/RANBE PoltRWE With Qho thBecohlpdEitibh,| tREsubstrate can
For the roductlon 0 i screte. devices or

mat er f
beéWﬁ%trthsP HepEect HEra o KPS the grab%ﬂwpgﬁ'éwg {¢ # sResitiedppgint at
w}ﬁﬂ??e ae;&dsmamoé teihifatea! q?]ag &lbsgﬁe & thkd trarisfated Ttﬁé fenediiing Histance
er ent atlon W the struc I 0 | roguce
wilhout S ERETE Fare RRPFES oe toPeLBB el egro L it shanged, by
chargieg the ¢amahetlom roir pedceide dortditions,caid tige sibeteaté iscswept, after a short
ygtur i i vel var. S t.te

p(é) 0 g im gosr the a%ro ?lt W C}o fséﬁmhzg 141 E'n% %)Eg‘s tg c{)ujs% o on cPat the second

compesifiar mmtooumlmem pettery tosthe ﬁxst mrmmsnbsl ng the

de t
p%la dc? on@&gfﬁg?%%q% %Hé‘??%g deﬂo ffion of more than two

COﬂpOSIt on the substrate can
comeorvmg%@/@umpwgelmateerwm iamnthg rsybsirate. t dn dhe aqire elaborate

%@s‘é& NPsHIRELEdnbe WeliRo %l&ﬁ &%io%%lﬁ%@%‘r&du@{‘ﬂ@«k is stabilized
sel ected | ocations on strate.to var

and/ge while Hig UBTHASS Istbeing RS’F‘“PH"& &ﬂ%ﬁgwwﬁ%ﬁ stage{fogveyor can
préd@lyxpdé;tﬁhaﬁlﬂ SWicys gﬁ)@aﬁﬁaﬁq fo:r fthet dvpoﬁﬁ&dbltt?% pamculart corrtlposmon
ositirons e C an Ile s n € supstrate
The shutss o Rorep S ghteass ol Bsrlmp et (Oppstyeay or may
not B& Bel e spaee thel hfffe&éﬁt docatibit € ehebdmhpaditiohe ffithin the pattern. If
coat L.ngco OSItIO erent Strl or ri
B eI g oy Tl Pirinerd s e RERRR stef th Torm a smooth
sufaceciith acmiqmellyt sharp baumdbsy beweendthb\twadmatetials.g Alenatively or
ad&iggx?atl@[]{l&dé gﬁ\tbé']%ﬁ% tﬁeocogt%{ggu"cﬂ thaP Er&gé‘ﬁg Yor voids can be integrally a

part of the layer structure, if desired. The capability of directly forming a dense high
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conpositions or by varying the reaction conditions. In
sone enbodi nents, the reactant flow can conprise vapor
wa@na/neeseer osol reactants, which can be vari edP€DUSI0DEO06357
the composition of the products. Simlarly, dopant
concentrations can be selected by varying the
conposition and/or quantity of dopant elenents in the
flow The reaction conditions can also affect the
resul ting product properties. For exanple t he
quglﬁ?%ﬁt% &ﬂﬁ‘@%@&e&’ L&as Wolind e| P %1 leé efj{h@tl{ Al reactive dense
ensity, radiation energy/wave engt concentration
depgsitionert di |l uent gas in the reaction stream

L enpeEghe! %ﬁmb@ﬁln{efﬂ% b &R nabik @M% 68Rs&f foeé‘dntrbf'ﬁme deposition of
conposi tion and ot her properties of the product
PTQPaanE

FQrapositiony Weth mhs'mfe} vapomderasitionrand rkigieal veper dgposition, a

layePbf AokeRAs BYiltcIpRsth 38 alolific bEA6IANEr 1AW KENBASIn| 4108 intimate
or the reaction condjtions while sweeping a substrate

bindifieaRfghe Mak (5 BayRter yineeRhstrale 2tigpidiic g8 Solegjag level to prevent

migGHeS b tHeymudeaa Hmfged@bg&ufunaanﬂae GEAEP 65 btolcmlaiegia)hﬁn URSs, the
[ en the

F“f i nposed, to sto&P {11 03|t on bet
cofipd Ak (5 2 GRAPE oF L% ST, BIDTH o2t FReRydeRly Rlf-supporting
stro@ueoirtesending For the xank) end the mami mask {30dhiemddallpfor gphysically

bo§&élast8 ﬁet ?urﬂg% I@wt% att+]r{n%tleve? E@nqgcltt ong t?sﬂ&alé&em%sr at Inrc]:{)r“gast with

portions € ‘subs e can
prdslack denositichras @hcrfmé mr@mmbt ps@@etam divectip flpsied tohthe substrate

suffideSh 4 CH%'H%{ bR thet f‘g%ﬁ?%)lt‘ix'aeﬁ PQIRke %ﬁac%@' gaﬁnstt Nfother flat

ep03|t| ni1s termnat he su strate 'S
sunfacgpsadescruffinient cnetet t gravenit igniicant preduct T%\‘EVU@@J fast lap mask

ovBahOHmB @alfr df?l% depB&tiGPPRBOSE | Waile @batbdRiafks QAWEL effttively used

t hen changed, by changing t e reactant flow or
in Jlight feagtive: BerAsitionn Bhysigali Masks pipyideran &ffjcient gdtgmativer fog poated

madksS 1R patt R ingO4 smacts gmg fiphe téaemw agusition. | cm-tpﬁ sical masks can
stabilize, int eotrlﬁ:osne direction to coat
e e

e AR YEPe TR S HBhPInehes? {p Bast&en ST% thafghe mask
cail IbE:Sﬁ:mlﬁ()éﬂ)g&?dtl @dmﬁ ﬂig &utfeqOothat i faomdacﬂmh fore tHeediscrete mask
ener e (0] e osition o re than
PRGBS SIEFER B BB A s « SR (qdapted fom
phetalithd grapley foknapdrdemn@nebabwlmte processes, a shutter

f:nsf?%e%% bl m?%z?sg‘&hgetf? at%hg&sﬁ\% {oﬁgﬁ%%o%%gh'ﬂég@ iRVblves

dirpasiigta pndekt speqim et thsisobstratenshicdddeditls theghisacdn waglor Thediscrete
manE figd §§$l¥a&0§éde¥a‘i’19 AIGh 3 We Gl REn S ?brﬁ}xésaﬁtesefeetred 1fltions. The

ep03|t|on 0 articul ar conp osition The shutter
disgrgte ask hlockn Qlecﬁ@éﬁa%em # tbs ogenipgscyieh that prpduct composition

ﬁoﬂﬁﬁ@fﬂow E de@@ﬂ@om sﬁfﬁé@t}ﬁrdﬁgﬁ tlheeoﬂéﬁﬁngs U P ﬁi‘cemié?ceprowdes
ifferent | ocation of the conpositions within.t

m@m compositioas.pR the peface by the selgcted, plapgmeng of fhﬁ openings. In
sorflél einBedithefitsp SAGURNischea iriablgs Gnfidist @ thak With $8Mathlt is narrower
su f ace, Wwth a relativ 4%%sha boundag%gbet ween .t he

© APy e Sudd) that i TOSERIICET B AFPyEregsly sontrolted
Mmmeb@oﬂ e tslit part foemco désinad, premtely baritrdlled paitarn ovithvenedsr more

| t f

coflls! MR AR ol U0l LTS, 1
hi ghyseatd ctrybqs?@acntsxgt mnlahtyﬁ Imaskeean\bgivded taolgbesiteoating material
aloHE 'agﬂlglef I%.u For Sfa:r]:plﬂf fdlioqj'i“g &e%@gi{ibﬁ/ &f zpﬁa@éﬁx through a first mask, a

second complementary mask can be used to deposit material over at least a portion of the
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deposition. In sonme enbodi nents, a discrete nmask can
be used to control the deposition of product
W@ oo9poedsti on. Wth chem cal vapor deposition apdI/us2007/006357
physi cal vapor deposition, a layer of material is
built up froman atom c or nol ecular Ievel, which can
i nvol ve intimate binding of the mask to the underlying
substrate at an atomic or nol ecular |evel to prevent
m gration of the naterlal bei ng deposited under the
suf}?c%klehou&hQé‘rE@ th;h\Vﬁh tﬁé1ﬁxs‘tgfi‘$sﬁd ﬂﬂ'ﬁ*@? c@ntnSleﬁlentary
coating on the sur Wt hout an 1 ndependent
masks tansbgppesdtto fgrm tcpmetets metteros waidp epmpleting @ sitigde Janerkor portion
th@E6t e ac&ﬁﬁ 5@15% 51?1 I@t@}n | Wmﬁ&sntﬂﬁy&e? 3hd ¥a plongﬁlq}aﬂy,
Wi t omc |eve g

to the surface contact al ong
nopwamEHMARARY. masks cahbe used to \ﬁwrtmn%' BIFE SUTHREPISS F"@F zmy &% may not

bedaBehhdnely 16RA&Q o F&e@mr@w @éxnirs csll b& Edrinyd fab aweglahﬁ elements
the substrate surface at %Q rate such that a
Xy

K
forgped;with ong or Jpete fpasks %’@ SRR, P Pe f“tcﬁfpmte into the
stri¢tifedBF chtiveNieftesseSn ftid Gltifate FroMicBuck Bs PEEMEEEIL. Selected voids

i.ficant duct m |on e sk over the
cag bRl Gaareg o Rrang aiEaet BT R B PRk el Ao, et o0
mas Khus; asing) aglafréamw deployitiors adange off eff&itive eppabacties are available to
de 03, t|o sj.cal ks Qvy de,an efflc en
VI TRFAE Y ve F'SX Sc'%a't %f r%g mpa{egals &trth ela ﬁﬁn ams{ljlff ae?:teIayers to
forurs thnep-diingisionak stoictures with sdertt«bwmpﬁhaoqwhgts iscledtedriogitons within

Aol T Bl UL S phe AU R oy RS ERGR Bl ingloPphvsica

properiissadd/onehentical eompasition of the geating Imsterials cap be watied along all three
ax&hﬁrf b £ wittig afd tﬁ%—%ﬁlﬁaﬂﬁﬁlﬂ sHHELRA6 tfoxlﬂ?fh%'d&sltea assembly The

different’ from previ ous nmaski ng approaches adapted
Patterging Bﬁeqrmqsmwfaraﬁwls PaisHaRy eRtsalNatEAts. a‘ﬁ’aft&)%t&ﬁé geactive
depdiitioh %ﬁ&‘e@ﬁﬁ%‘s&ﬂ;@& Sfmlteh &n E@;Keﬁ&hg QRd @bmidRIyCASENIOU.S. Patent

corr.es i nvol ves ectin roduct stream
appitarion DALY LOGh Yo, BLEREY EtFA | Fisen DippRiaah Eaginedrig Of Uptica
Suﬁtbﬁﬁdsehecomktetn Aérein Blcfeb@iRe, aBa Mesahpprosth@ Gnde further adapted

ur.f ace, ni. n t .selected | ocations. The

forfteh Rty b S e Bl e ot mt L he

opefmha g;sbsmzm:hsddm for mlthdéposmmp@mcmsoanfbeomlm fol ©lerate the

can  d de rfac hr ou n
tTPIE I? 6'}%\/ Pg %‘? pgt eltr'ar‘i'{n %E}r 03| ?{cg)lt’tesgr%ﬁa? é%’““ as
smsgthﬁess endjgr tehtensel égtne dulpﬂrat@ehmﬂnem‘ permanepp perting of an pltimate
de§19é"§\ s@fé%& fortd 'f&rﬁgeﬁlpﬂ g&h&l %o 1 Q%ﬁs ntasubstrate

W t'h han t

aslit that 1s na

carf bgwsed te Hom the frons sadass Hif aj Riwtoyplaie edll oo dtgelawenhy addltronal or

altBha e SRbYdifiRAts! Ak bdteratl/RVLERBS ral palth 1R strbictiRMdt W Fpated at
desired, precisely controll.ed pattern with one or nore

a latsmstogs 7 ithrgpgh 2 gplease laxer. oPuitablej wansparent sykgerates cap Lampggise, for
exixﬁ;swvwhxﬂe ChldsSéss S6lch hd) sifiCdTRIaCER O dDHENsitable sabsufaatshwude for

of nas n _be used tQ deposit, coati erlth 0
exaely, FREH8 sokpafes, qemm BSgne B R uEee 11t Sypde can
be pedtived,nfot lexanysjéy, with Ipanidtcrmsdulatﬁns periodic bumps, random or pseudo-
random texturing with selected degree of surface texture or the like.
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second conpl enmentary nmask can be used to deposit

materi al over at |least a portion of thesurface |left
wap@oneserd during deposition with the first nmaB&T/US2007/006357

Furt her conpl ementary nmasks can be used to form

conpl ex patterns while conpleting a single |ayer or

portion thereof with a coating having varying chem ca

conposition over the layer. Simlarly,

non-conpl i mentary nmasks can be used to form non-pl anar
@Hog%w(ﬁ@og&%g may or may not be subsequently | evel ed

0 or exanple, texture can be forned as non-pl anar

el endetsriomanesioflighhresetivesicpepiiion cambRr ysedtp praduse enatings with a
sefbtblt CoHipBsisSH) 8f hNGBAP %@E% é\@flé?)lé t&@mﬁ&s‘iti&n& Ur §pdefifcally, the

convenlent use In the ultinate ro uct , such as a
cogppsitionsgan ooeemsc?r@oor\fmregneéa/rm%%lordeﬂ?maés frmiingeg) crystalline or
a:ﬁo@ﬂ;ﬂo@y\&rﬁ&nm%tﬂvlzﬁﬁoﬂiﬁmil RBpdnk BdrApdsition Ofn sHAxfinCddp k& be used

Tus sin ht reactive .de 05|t|on a ran aﬁ?b?
Jhe shem %bﬂw%ls@hé%caipr@maﬁ t1hg oating Jawmf%@n of the dopant(s)

int® hmresoadm fowRastebiloin afistiidivh Ofthadsahi(¢)trougH the toating material.
in different ers.to fo

| a d | a
In sAFE ERBT D sRmPO ST of PRNENS, fthre 3 Mpriss plicon/germanium-based
semwnpm:;tdrlopnmaﬂymthelsele‘ttmdpmatl ons WI t h| n the

mat g i
opt ﬁé&?’k el ectLﬁ ne iC an‘ﬂﬁ“fg pe?:gb%garlt%%éagmetallmd
and mtalmetabloidi @aipomm\rposactl 2% me@ﬂ/mewélo tslcmdengnmreaﬂhwctcarbldw

t hi
mEnHol e, D theunelllbR” Phfpnal, Vil N ullides
mealgrgialiojd tqfh@df?atmm%loéﬁ sglenifiass imetabimetadipidransinidey,| mixtures

th@&I et difo\ Ahkde¥t 2AldofBlnafiBs Mdr&ES Altgx'ﬁﬁinfk@y &r dddf¥haily, such coating
reactive dep03|t|on process i s described further in

m@@ﬁ%ﬂ?ﬂﬁfﬁn bR ghasesierized gs a%vsrrggthe fligwing ?’Hf“é‘ﬁt
application 10/ OABROD 2t FRH.E K,QJ,M,,,NQD\J itled "Three

Di men glnel g, o0 Str Gt ures,
T e iR éﬁ»oﬁﬁ SN g € HoSBnde iy aresent or
absemn afabatfledst bt otaaiamtce,da fRIF, G, ghi, X, ¢t M/eN dﬁ@&istplr@ﬁnt and is

. usin hetea herein, Tes trate ected

indipefiibally S BRET okt Toe eloih o, S RN of ShEPeeaiq e of
elelnmtpae lcarhpmsesg dirouﬂn el Ad eqmnts c(ﬁfroas iweldlewm aGromg 3B elements
(in%fﬁg’ gl%é Unthanidfe G Ry BF SRGehisGd élzeu%'i\nﬁ‘é féﬁﬁgw&%ﬁéms) Group

r texturlng ome substr at econme a permanent
4Bpelements, GfoupnSB)lelamentse Giennt 6B elemaenth\Group IB| elements,f Group 8B

eldnients, Wiohp O leidMenRe réx‘oﬁﬁ zﬂ:Qlen?‘elﬁé up 3 AL lfARRA! ‘i‘%up 4A
subsfrate can be used to formth front surface o

elegidtse (FaPurat 4 cleBents dproyp fAssigragnts, Pwi SRyt oslgmenss; and cacha, b,
c,ald ergali y&, 13ﬂb(ﬁdmkﬁndebaﬁicﬁﬂbb&ﬁécﬁéd%nﬂ§toﬂ:hhﬁ1‘i@@ﬁ<!aﬂ9)feasible

art of . t estr uretht [ alate
6l & ¢ it e pihels] BPRABRM, Lig sBoitdr o Hop v nfiubet hgbout 1, 10,
108 UI0; 2009, LE0000 orqmooens and @mtableadﬁpiseherecﬂ’rtﬁmgmogteaﬁﬁaei The

uch as silic asses. Ot her _suitabl e, substra
maiiat i B¢ s sByihch RRSTanats, A7 Sopbppins cnsiel LI plir words, the
eleeotst cat bes anmdletrfeet lﬁlokretheTﬂamodurthble eathn‘r thire tieutisiile gdses. As
r -Qr dj
acfcifle et ' bhpad oo art hilRBlalel b well s gl subsets of
inqrga«tmmrn@mm bs distinst invdntaheggreepings, whfaa@lé inasgani¢ eorppounds or

co Bﬁxahbrk%ethg%m% Lk paftifiat Elﬂépo-gﬁr%npgrbﬁﬁémﬁ%sﬂﬁns genus,

I ght reactive ion can be used to produce

subgsRYS, ﬁ@gc ®F together and the like.
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sel ected conposition froma broad range of avail able

conpositions. Specifically, the conpositions can
w@eoupniese2 one or nore netal /netal |l oi d el enent SPEDDSINTY006357

a crystalline or anorphous naterial with an optional

dopant conposition. In addition, dopant(s) can be used

to alter the chem cal and/or physical properties of

the coating. Incorporation of the dopant(s) into the

reactant flow can result in a distribution of the

dopél:'&'i(sé)netéf)ﬁﬁwia& RE p&f i@&l‘a{%t&%q{e&?ﬁ the Fuft abilities of light

I ments COﬂpOSIt ons o parti cul ar Intere
reaqsivp OFRASItion] Wit FSBeat it FANEER @fa@@wog@ﬁv%mlmvay not be needed.

HORR L lpmr;mtp Bfdevi&d Shibileslo Rmed ﬁhusgengﬁ%acnc@aéﬁoeﬁon it

mat er’i al can conprise, for exanple 'enent al

m%‘?@aﬂ*%ﬁé‘tlam @ coatings Yuthaa Tanes of sogtine WWF -0fA§ noted above,

a Sigalficast, f0¥a$ A KBt dsbriitidn OMdréif Srelat@t &) AHE foHrafbdl of large area
carbl des, n%tallmatal loid nitrides, matal/matal oi.d

silinop SR T -based SERIRORdHCE 5 imptenipls jEleraentalsilicon cas be fogmed using

a dilahé prebictis, (STFRY, a)l/bhﬂﬁil:ﬁb*b@ Iu?"rai‘sai eght @om, a GO wséﬂ'tetdad:dnﬁlioﬁe into
res thereo

I, h
AR s ep 81 APPSR P inalEeVBIGe BV opRLALEs factants or
light| @bsoctzeast icarg be dnqhadedtandns: inen gae cain be aseéd ns aatllvast. Elemental

oA 48 AV o EBRERASR L B e
forthe silicip pigcurgory, ad; alloysehe he forared| withopastial substitutioh 9& germanium
pr@&gso?gfolrﬁﬁéén%g&sggrsp‘ BB.C D E F G H I, J, K

I's present and is |ndependently
sel ée sewe embadimeatsy jtdt fesirgblsite faegposite ene AL MPLe dripapthdnto the

silR@higeidhdnidrBheed SemBloRBRRLS i WXRhpR fbgfoﬁhodlﬁfpyéemlconductors or
el ements, G oup_2A el enents, Grougﬂ)eB el enent s

P-OPH é%’&??f’gmtq’i% F‘&fﬂbifa‘i‘ﬂpa%‘s F%Fﬁfwﬂ- SEBIROAIUCtors gontrilute extra
el@Gbhd)i sdeh faarphbypmfo@ @yeakic (AX)QURtimEnye|(SEYes Mmixtsed Wiereof,

ST TR B QP TP rnch OB TR . iccon
vaein&l& Ndush aSbordn (BA\ Ahmiamnt G\1), @alium @) cindimniis), oEoaibinations
th | ements, Group 6A elenments, and G oup 7A el enents;
35 each a, b, ¢, d, e, f, g h, i, ], k, 1, m n,
and Soitatde |M3psersd@m5h ynchelee &rei*amphb silane(Sitkbdempnahlorgsilane

(CHTRR, YR, R L ARE LS T By (o o

gay/0@Br deijoe, and0SHGD, tetradGuBly, (Sile) §j acsdsiob delivery. Suitable Ge
pr&é?x?sro?solfnclﬁﬁé Tor W@Eﬁﬂa@n@ (GgliiS MBIROCLAP vERR d@ﬁvery Suitable

crysta I ne, anorp hous or conbl nati ons thereof
bogatheiecprE inclydee fQ!I exawBpics Behn Bble. Brlfs andethe M(effwovﬁpph delivery

anBefN}@ﬁJBQO‘} Bt Qefsbe HelN%%ﬂ télﬁtaﬁlébi’epﬁé\ﬁ&ﬁs ifiSlude, for example,
Ee}ﬁlf'@n-zwg here| al | E ngg g’ tions are
Ped °§§’°Wé‘F| trighlogide (Bfrhdep °58 OTORY (RyARFhloride (PCls)
pheqmpmma _dﬁyaﬂotdcﬂes(mtc&) fdit\/sepdsn &ﬂlvgfyoﬂmhﬁlgﬁp?éﬁ&hclmf(HﬁKbo for
|nor ani c oun i nati ons thereof except,.for
B aerest ot et B Prespishe Bt B er oA . AL,
ahgmnum chkmkig eﬂlﬁ;) aald mhaehlerfot ogpet Hdivegnahdt aﬂﬁninnklehy{am’xychlonde

(APTRDRABOT o850 s bRt HLGREH in B e bl son

fres O
for vapor dehvery and SbCl; for aerosol delivery. Suitable precursors for vapor delivery

of gallium include, for example, GaHs, and suitable precursors for aerosol delivery of

gallium include, for example, gallium nitrate (Ga(NOs)3). Arsenic precursors include, for
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reacti ve deposition with respect to ranges of
conpositions generally may not be needed However, if a
w@bkwrabdsvyy of device conponents is formed usi nRCT/US7/006357
reacti ve deposition, it nmay be desirable to form
coatings with a range of coating conpositions. As
not ed above, a significant focus of the description
herein relates to the formation of l[arge area
silicon/ germani um based sem conductor materi al s.
exEnBREALAL afd IAs@@,n wifidh BR fuRiEIE Golivd fﬂag dRlivt}, 3R As,0s, which is
precursor (SiH4), which absorbs infrared Ilght froma
suwlf fox @erope) nEuBRH Bdveniin dausossenlsehol solntians. Spiable prepursors
fof @R babta wlea@e@plﬁdmrﬂ ih18dd, | B¥V.ex@hp18O udiur®tsifhite and indium
Jeac ants or |light absorbers can be 1 ncluded and an
trichlarde. gas can be used as a diluent. Elenental
ger Wﬁaﬂﬁfb&&ﬁntbeﬂxoﬁi; réahafd yel&géd’fﬁd ya&ug ft}e@iﬁeﬁfﬁfﬂpldmes. In some
cursors, such stituted for the silleon
erRitinE 5 EiHGS SPPy SoART B BRI Al 1|01 Soms pr
cubichiettitheter @m’in fpethamembodimenns urmabcﬁmrl xs10't aroms/cm?, in other
recur nts, S desirabl e t 7,
e"%ncg?eﬁor aflgasone gﬁex ng ag%"ﬁ {‘H%’ embodiments 1 x 10
abgut 5 x wf} g@mmju Wlﬂawelcbcswmt@mnqbans pﬂ;r mifliom (epraalpthe dopant can
bel S ugt r S t
o b0 D60 SpRT ) Blrhef LrBodikRfhe R i AR’ ODF ppma, in
adéiﬁhmlidvmoélwa least gbau 9<l, prowrc ndain hessspibodipuenty fym about 2
ppﬂfast%ndb?)ut( £ 10°Y Pl TORY, e('s%mofcgrdmtéﬂlﬁﬁl hﬁe&{r@@fﬂl recognize that

Simlarly, suitable dopants to orm%
addigiandlo Frnges otfs deRARt r Fasgentrationse ayithins ¢ ee?)@élﬂt ofpnges above are

ezh d Mﬁhhlﬂ&hé)&'éﬂﬁnt (iR osud. UWh'ilH'&&a%g eofJ&bf drdffary skill

I ndi um(l or conpi nations thereof Suitable
PEdYs M brP dnfﬁ'ﬂ tQEsienaly cartaipnant caneetratiprsrangss for n-

ty;BH)ﬂQlC;hb@E @5 pdnad) ¢hif thStle)s, nodl |u§‘éﬂl| ks itd avad pbdsbite Dnbiguities or
richl or osilane (C 3HSi) and disilane (Si2H6) for
mcé’ﬁ?f\?ﬁ%fﬁ’ delivery and silicon tetrachloride (Sid 4)
for Imeglemaail, ticedopaat yoncSntratahd; @nafeorpmey nbs be sinifously diistributed

f
ol SPE S5 RS0l ) B bR 8 ien i opmn
coeoea_rrpthm BGradie3H3an l& sep-ant. t Sechl a lgeadient carmpoiselected to yield
degﬂbllev%\éleﬂag nll\Hg r&%? f;roal%to%ggclﬁ fgh ?{a\élepgwmrﬁc& and

precursors inc exanple

intgifenep hoy e seful fqrhbdncm(@le(cp@laelpseseh pufakes apddnterfaces.
p entahlio rdxéi@ctr@c? (el atarialh ?cﬁpw%teo Wﬁktﬁlﬁl‘s dﬁcl(lgmog Jexample,

for vapor delivery and phosphoric acid
silicap/gemanfugy matal adege pijigarygermapipmipetal mrbﬁp% cﬁ]h%fggmanmw

métAlGlitHdes, oibiAtieAPhereof drl mixtiredHBeredd. UIH tﬂé‘ ity isdRjacent a

elﬁ ﬂnd the like for va or dellveré al um pum

5?89%5%% Y57 FRBPTSPS SRR e TRt 1 eap o comvenient to use a

codedploudmg Slll&bﬂ/ﬁéiblhﬁlum{m&tibﬁ firhe dielouislie, Thos, fexasifdod,based
for, v

Rtk B gbabli T PO P ioyRgBe dor g i a sitcon

oxgumitrideuranilfoc| adeilicbmor c@hrderplasa a didBctrimn chdgagenttalthe silicon-based
selShdicefrs for aerosol delivery of

Suitable conductive electrodes can be deposited as a layer or a pattern within an
overall structure. In particular, metals, such as Al, Cu, Ag, Au, Ni and the like, can be
deposited as a conductive material. Aluminum (Al) can be conveniently deposited
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galliuminclude, for exanple, galliumnitrate (Ga(NG3

3). Arsenic precursors include, forexanple, ASH3 and
WQ@\e@n/106802 ch are suitable for vapor delivery, BOMUS2007/006357

AS2C6, which is suitable for aerosol precursor

delivery in aqueous or al cohol solutions. Suitable

precursors for the aerosol delivery of indiuminclude,

for exanple, indiumsulfate and indiumtrichloride.

Dopant concentrations can be selected to yield desired

adMdcORES p-type sethitoA@ITorRHE gﬁ}‘@%ﬁmrﬂ 8 AipesedRtF ML G hiconductor

concentrati ons can be at l'east about 1 X 10 13 atons

layga rcoptruges cane iPniPe [dopantd9  formp ar betteR spntasth o §ritabl ategipls for
u&@@&énmmoeh dlediblds HCRES/ f6iexample)tif bkide amaaﬁ;mmde

at about x 10 16 _atons/.cm ther
e AL P 2 Telpe KBS, Tanepeelpgad Pose e Fiogerties of the
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opant .can .h ast about 0 in further
maf it ke melbPE sl Sto£bie BARREST bR the fow
temphaﬁi:rﬂeﬁtm Bljack@asiteddiouin Peneial piased amdhe widetrange of materials
avﬁﬂiia‘?éjbiﬁrl ti&%ﬂ%@@%@& % ,Pa";';?%o %P{%Sﬁ&&rlylsﬁl %Pt%epaﬁ?t“&n delect a
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OfGrIGPh awaliwqu majten pikicesy 30 thatdhesilicanis. lesp likely ¢p ?ﬂad vihgn melted

suﬁ%%aﬁﬂtsﬁl&ﬁ hhéh Re] SRR Marde QRAEEY telid 2 RuftP Gudrils for a release
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Iay%r o6 iliean inclyde fﬁbg’fﬁﬂtﬂl% sgﬁ;eql gm’lflq ESisNyy or silicon rich silicon oxide
(si@cg@l st enci es In general, the dopant concentrat| ons
%%q ,uniform%/dstrlbutedthrouog
|y &PF gFat is it aSTGREVENt TEAbIS, OB soyreesginclude, for

ex@npld] em NZO doaﬂmmﬂmﬁe &liﬁrédﬂ aﬁm suu%bga" fAihogad s@t&@esblﬁclude for

radj ent dtoy
el Aivionia (RBHEAG B Ao ERpedtfetthg 1B athey of composicions
avaibable tithalight, regetoveli dnpbstxmasr desunlﬁeabﬁmhmuh icopeadingCcEsS. Patent
u g,.€el ca 0s "
AR YT ool [GOLEIAGE RGN, 4 Bl senze Couing
Fofrmaticnopy Reacting Bemppiqné dngogpryatedh bérgiddy réfgreneanpl e,
silicon/germani un netal oxi des,
sil'i con/ ger mani unf netal carbi des, silicon/germani unf
des, conbinations thereof, or m xtures

t henggft rbdctit® Scﬂklﬁb@ &td V&satife @gfoﬁ@ﬁéfbtr the High k46 ﬁgﬁhﬁﬁ&{ of high
| ayer conprising.silicon and/or germani um it can

vl FaRERT TG CQRNE-PTERTHS SAB REIARIeTId %&?P@%‘Pﬁ’rﬁﬁ‘i"&‘iﬁﬂe’ post-

dePESRRAIrbdedsing. OFF nihiEplél lla@é@ eierdeposnw U§ing ilgﬂt réactive deposition, there
ovol tal c,

I b h
| YL PR SRl BFSTIE Grivech (BF POt A gy lavers. The
posasity obia lameymrt deépdad anphrosn me gedsitg off aqartivulie l@er f the coating is

degos‘i:ifxg relgt e Clgrnt délrsq%t he esn%:ge% ga%rpngcg ga‘itst%nhty, while

e COﬂ eposli
soinayayprsontea‘lepais t@case layers ican erpurposefully depos1ted to have relatively small

mechanical stability. The coatings can be formed with smooth surfaces and a high degree of
uniformity both across a particular coating as well as between coatings on different substrates
performed under equivalent conditions. These properties provide for the formation of useful
large surface area structures as well as multiple layers of large area structures. While the
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overall structure. In particular, netals, such as Al,

Cu, Ag, Au, N and the like, can be deposited as a
w@ondnedshze material. A um num (Al) can be conrenUs2vT/§06357

deposi t edadj acent a p-type sem conductor since any

alum numthat mgrates into the sem conductor |ayer

contributes as a p-type dopant to forma better

contact. Suitable materials for

transparent/transl ucent el ectrodes include, for

coStiRiRAEbe Sthébtk; )ﬁéﬁﬁre% wﬁ%n@a PropertRs i A cormidpdfle® be designed

materials for a release | ayer ‘can be sel ected based on
intpthe G9t#Ber t i es of the adj acent materials. In

par trhe Widive deskity OF 8 cSHRR N SVBRARd retliiﬁe E(ﬁ.th RAK deAdiféd thiterial of
forrredfroma mat er i al thsgt”ﬁgﬁo [.ti ng point or

the,$ame-compasiion i BoF qoatipis, Pt NPT (g ap bave a
relaﬁvet&eﬁsx@djfas @itre fHah @bdud DSBS, ih fur@eNEfRIdiméhesE6m @Bodt 0G0 to about

o] S8 LB A3V AP Sl ol Ao
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rafaSP Fm 8y o BREE PP G Salr eBodimPlly BR 98 4G Bestpys 058
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( when me SI nce nolten sillcon
coptigadangity pref mng@lmtpql apd arewdhipnthe m@p@tb@@lm@ iLaght reactive

de&%inoﬂ &l BARCa UAWET cohg With! &B&xhﬂh@él&'q}?e sdrfid d@ﬁ%ﬁ?%e&e fully

licon nitride or silicon rich [icon oxi de
de st%fzeﬁ matgfial nRegrrigss afithe Aensityof the antraé azdenpsited) %ng durmg post
prédedstiath€aaspedn b%QHérG%‘éd b dsif&lfto afselect8d A1 Bom e infdiensity
nati ons there nd suitable nltro%en sour.ces
to tlﬁacﬁx,ﬁg%nsqyor gmt@ W) é‘h“na?ﬂs%l c?m)can eyalydted by weighting the
sulssaafei beiré QNG aﬁ&ew&aﬁg arld gividiid the Olei@R HYOSBE VoRiAEe of the coanng
avalla&ne W t t reactlve de osition.is descr|$
Eﬁgt i H&Hﬂ‘ PRuRe AEHn G SHORYer AAafiecrease in
isityriess ot idaQ hat &Ja%sdcﬁhtﬂwlﬂwméasuﬁble @brosn)ecmthé sueflce. DRy can
Eor nat eactLve
alsc?%s Varl] eéituég'gﬁ Eﬁmgmﬁ %e%?%?g%ﬁ@ﬁg%t ing Properties
Lig ﬂb obeacmmlaaieppsmes ahe fest_lm vfa emmg carclgpvacied vith eespect to
coInESsnEHnng g&@ Jfo{rﬂ%h‘ﬁ{g N Wi R dlgya?igh Lf rgé}@ﬁehé‘ 5 CFJ Rebstrate.
an er

ting properties c e consil eposi t

Geagrallo to &irmes deydeet the pepting imarerigh @@évslmgzedl tb arpartiquigr docation on

thé s%&lra& 3h SdHBRD Phulitile 1A5L0OF doaGY mAt&R Lhn/Ge PRI il Pontrolled
here may or may not be additjonal processing. between

fasbﬁe taefmsiawraﬁv differsnh srpppsitions. ayistilarly.1ihe cp@ingsap pednade a
undorkr YIHEk e diledlﬁ&@nﬂ Bon@i@ﬁst oPlthd B\ﬂ)sﬁlﬁgsdaﬁ%eof:oﬁed with dlfferent
articular Jayer. e coat|€£ s‘(ﬂde osi t.ed Wltcg
ehifkessey 9 FRng e e, pating TKAETS S5 b FRPIRG, Such as by
vaﬁ&(gl hlws\efﬂp spbeatbofl thé gubsmite Iraatiszfemelt}ieépgﬁi’c& qoailg n@eﬂalaSg multiple
reesea n _be purposefu] eposi t t 0
swpgs 5 Pl € e Shuns s LERNE pabieter 52105 B pafrriy e taver,
foroexnmble {vith roolaski t@mmmmsmfsabe@eambsaiohlcghoatagrmaeml are

Bt AR SRR b ORI il o

like following deposition.

Thus, layers of materials, as described herein, may comprise particular layers that do

not have the same planar extent as other layers. For example, some layers may cover the
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performed under equival ent conditions These properties
provide for the formation of useful |arge surface area
wa@oaeeasnes as well as nultiple |ayers of | ar geCHUSW07/006357
structures. Wile thecoatings can be snooth, texture
with controlled properties can correspondi ngly be
designed into the coating. The relative density of a
coating is evaluated relative to the fully densified
materl al of the same conposition. For coatings

-_r 5 a§4 d’é‘ens S 4y é%%'é ﬁ‘%&?@}% ?ﬁt‘wﬁlﬂ%ﬂ%? %3&:%%&%% NANUE Baction
of ther ubsratecmbfogk. rietbis whay cthe ltyens tca) ot one onotet loGaliged davites. At

any 2’3‘3’ glﬁf pGRCAGHRE Evﬁxﬂ:rr QRAROY el oﬁalt&ev@%ia‘&gth%é strdcfures may
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fe‘(fé]’%@‘ﬁ?‘@‘l’ﬂ‘!ﬂbér efidentifiable lptyers thap apanothghipnint alpng the surface.
ot heligHe paeMN e TPbsktidntah BE usNE Fri) thick MR ultlovoevér ttle approach
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coitmgrthata&;sﬁ isOgAbrallyp nivfderdie 6t Shiall, Aud0edH Biiin @batip | walse/fomed as
ski .| nﬂg@@ art will reco%gél %Itha addi tjonal rang
APHOPHAS ‘%p‘éd’f‘?‘ﬂs\‘f BEFERAGHarC Bl PEOIERINEIR eqine Which the
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t
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electron m Croscopy. A decrease in densit

hayg, et chigh é‘BLfP%‘T‘@’dW\’A‘}P’(“ha PyRE 44, bgiegn Ff§3¥ e flmiﬂﬁ eequwalent
cofidifibitC EThiCkies bY a Gastirg] Lssaerhﬁn wahdaalredi o6 é)fhglp%} it HYSEM
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exdpstrate. In addition, nultiple layers of coating
material can be deposited in a controlled fashion to )
f or kn semeembedimpntg, grestandarddsmigtion of da shiclgiess ¢ma sypstrate with

anaf@ &Q@M%S&@S%nﬂ@%t%éﬂ&k £81 1R hthEKRESS) ofQEss than about 10
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migfons.df ather 'i"LdR‘H%%‘% less a0 eROE P YCTRBR W18 furthep F‘F‘B‘?"éﬂF“‘s from
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present disclosure.
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like follow ng deposition. Thus, layers of materials,
as described herein, may conprise particular |ayers
w0 bav/1asonot have t he sanme pl anar extent as ot PEF/US2007/006357

| ayers. For exanple, sone |ayers may cover theentire
substrate surface or a large fraction thereof while

ot her layers cover a snmaller fraction of the substrate
surface. In this way, the layers can formone or nore

| ocal i zed devices. At any particular point along the

pl ang@rsoftbshticifentd \%%qdvno r@n‘.‘ﬁlﬁx@s%gtﬁ di€e coating, with or

structures my reveal a different nunb

withpah cogspligation] ofy & pabstrptgsambe aghinvedr F@fowhodapmmt\h@ch surface

teRtMFh@AGE - debird)t the CRG Iseﬁ%céemmma&w dREeribed todidy frefidht the
t.hick coati n% However ., the appr.oach _has advant ages

unfgFmity P il gUHpGRToghIcrs Patc3a e Agkieyedrf desied.c Shrtesedopghness is
evalhaeld gaReralBPOWRR kdspéct t€ O Sfebifid atddiof MitaafateSfod %lﬂ%ﬁﬂsbty Different

derate or snall nd ver |ncat|n
ol 5 R ae oA e o RGeS e Toughness over
paptiduflee ackas dhato tide tahé rgaohjiec issuas. [Fbﬂ&&urlpﬂe \bi‘dnﬁ:nb foéroe microscopy

t
TR} B e antd allSEATER B fvEe B coRbudS Mienapgrprosimate
20 suiigerf by 26X nm:tomea ¢fhasulzboates wh@mo:s eferrod 39 hereioeh Barm. A

suﬁEﬁiQ wPﬂfﬂ{sﬁuméﬂ ihdGads RIS ﬁgjnl DT P A@Q%‘;zarﬁgg, CA)

crons I onal e ra
Mﬁﬁ@ MNanpesape® %mmrtschmu@b@mmo@emlm Rowg vahids and similarly

avktbL R&le hﬁ&@%mae '@k,% daﬂ vk Bt RAYR Qﬁé rdnE O ARP %réQQn about 0.5

nanorret ers to about m Crons. person of ord I nary
nagemeters; (Rmy.raRd 4p othgr FWW‘B@S’@}FI i"z'é'etrmps gam aboghgl nm to about 0.3

nh. an&%&bnwman HeNRe® 16 6BtainCiuk fab @ RARANGS Qne%k\k}éﬁ&ﬁ?%ver larger

are cont at ed and are enconpassed wi thin_the
a‘fﬁse?éhtas 8 argens .73 ?l‘i’é‘“ﬁbﬁr 68 dpedergretric niafien sy ag qptical non-

coafaetvtedmcﬁw thithéanf medsate @Pfaaf roﬁgﬁtebl :ﬂﬁ'o}naéﬁgrrﬁmbxhahl' tOMBlimeter
ve I wthin ala et \Neen ers

s Yo iR P s Rtoas e NS s8] opreaiuto GPUAR surface

proﬁiatmeagurbmyﬁtrlsmavvyke senxaquofiler fromrvexamutementst Inc.aiWoodbury,

EPALERE 0 Tl BRSNS T
vahres| agb gutﬂag_]@ tpma\mrgeesgrf@@gongimef_se(&a)em @80 awicrons x 736 microns
cafl bk &bt in Tﬂ‘@rﬁ%&r 88f ARk RLARGRE qoql?ﬁ’ IR e diments

obt al ned from se neasurenents. In evaluati ng

frqmm pleguh d s 49 abquis iScim e dspegseinfad iopdingry gkillain thearit h\gll reppemize that
adaltigﬂzﬁ r&feb bFRirflce PARANGAS Widin E eBARE radds bR Bife g;?él’l and are

In sone enbodi nents, one standard devi ation of t
W‘f‘H‘i‘E!Wﬁ’é?@*d’r‘FcéPsg{?ostrate wWith an area of at Ieast

abouthe 2extG AR 6 hhfBeAZ Wik ab%akfio-tp@ﬁ( H@ﬁﬂ&.( S)m@faverage

| ess “tﬁg% about }) r@ crons, O¢n ot her enbodi I d
peglfi P tange gan b from, ghout 10 fm, 1040 MRS e etr iments
froalp abut @56 ntncxoadboutt 7.2 .nicoohs aeinia . fulther e botlinosnts fkdre about 500 nm
to rd glew i on ofbotdprg g%gh age t hi ckne bet ween &

6%’% Mot 8 SS%'{ r A e " Co: UiTaeEr SEqGi% &1 At @ Fange from
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deBIRO UirHRA Frdrfitrs (R Be H2RMhinBa Hofil AN SxAflatloh J4hE Bikace with

scanning electron microscopy. A person of ordinary skill in the art will recognize that

additional ranges of texture parameters within the explicit ranges above are contemplated

and are within the present disclosure.

51



10

15

20

25

30

enbodi nents fromabout 0. 1 to about 2 microns. A
person of ordinary skill in the art will recognize
wWao bav/1eddol t i onal deviations in thickness w thi PCEHUBRYE006357
and between | ayers of different substrates within the
explicit ranges above are contenplated and are within
the present disclosure.ln sone enbodi nents, very | ow
surface roughness for a dense coating, with or w thout
consol i dati on, on a substrate can be achi eved. For

b e .
Ieowqu ace Vbé'umgil?]?%g&illﬁa ues ‘ta)escr I be g%l @ ﬁ"c[)?tﬁig Jrhﬁnmty
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subbteat® sCapyed( v¥bhe @athdd fozzkecitl 4 dirédtiah Waikhited alongt the®adth of the

soBJ0 TR b T e i et P B R e PP P i

offat leastrabast RAEdutimatess) it atheeeribddimergs atuirasn hbout QS wahe Sn additional

R REROR pBut 30k B abdil 2 HOIER, B ot B ohf o fyobe han
abpet b metar\EM maslomsenw¢d!ns¢nm ncempie tharel mgters. o glerses of ordinary
sld’iﬂnutﬁé ﬁé Ianljl :l‘ea Fﬁ%@ ggn a&h{l@ﬂaﬁ] ?glg @ ng\bﬁtl{s ?ﬁ§ (t) ggbhcﬂ ranges
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0. 3 1A"Benkai, efof RoAVEidnte Cb @ﬁgtusledn;t&g@ﬂ@m Roft! &tea%th of a
Supﬁraghness measurenents over “%er alr eas, such 80

4
oifdhat dpgpe e oating PTaFess. rﬂ“’e? straieisigenerally HPi"P‘leait'é'e to its

leddith @R n6E4elati0f €O tt AG8th! ewlinitgy @eﬁdﬁﬂtprﬁ\aﬁbldmaﬁwde the distinction
sur face r%&gﬂ ness from su

- nanonet er to ni I
MBS By MK 1 feglyrrip ANt &9t et i““ SristrRtee r*"ﬁge ‘I%“ is generally
onty Glitad bgn@enatbm@r toCRppor thet sabsarhitafor cShuirfgaC'Ehtﬁ;[ Geéngthe can be at
rerrent ko serl es of.il er \Vee
1oflE 85 PEECRT £odl 10 PR BE R efpbSdinsfis i Gheir 0t gboue 5
metenssin fhethers embco:dlmemte domaamutmn @o sbmnftafb encteps) gind) @s additional
\Y v,e iy -
ertSafitnst BoitEboiih Rhifh Bbud> Uferf UHAUG SLLIRAS, sl in the ar
witloeedgnizg that adidisional raeass of swiwstratgriengthsamithkih dbgse £&plimh ranges are
coh&nfp%{té&ﬁﬁ a%‘é‘@&ﬁh'ﬂfé‘ﬁréseﬁa{ @ughalt 1 nmto about 5 nm

A pérson of ordinary skill in the art will recognize

t hatAsa#dl dseitgrfalreing Able 4o Foatks sibstaztes w&hdmewdaﬁmpde@% the

coBié|shisstdates %Hﬂﬁ&v@{'&y qapk @ﬁﬂfioatae&s anf pafRuMt, tﬁbft{aft&%heets can
acterl z

of S e S i B G20 R A e ens,
at chasttaaaaa 000.8mP)Gn hddifio @b enbodifients Montabd Gt 1000 i $o abot 2 square
m;tgrrst(pn(:‘e)r aﬁd*%og&e”re Qr%godiments from about 2500 cm® to about 5 m%. With the
ability to form thin structures through the use of a release layer, the large surface areas can
be combined with particularly thin structures. In some embodiments, the large surface
area structures can have a thickness of no more than about a millimeter, in other
embodiments no more than about 250 microns, in additional embodiments no more than

about 100 microns and in further embodiments from about 5 microns to about 50 microns.
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from about 250 nmto about 7.5 microns and in further
enbodi nents from about 500 nmto about 5 mcrons. In

w@ oo/ 1eisndi ment s, the average sl ope of a peakPCHIS2007/006357
range from about 30 to about 60 degrees and in further
enbodi nents from about 40 to about 50 degrees. These
paraneters can be determ ned from an exam nation of
the surface with scanning el ectron m croscopy. A
person of ordinary skill in the art wll recogni ze

that a .Lona es_of..texture
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t1§{rl1l et. nozzl e of . the reactor such at the product
sty caies diffusiomrehedh 3ndsamir MOy efahofayaliaic pRplications, the
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di scihssuinerity|arse defugion lensth earReciorretates withearmierifetime walues.

Mdiosity Etiérsiifetinés @M behifeadardd Withfa hafeldlipiad | emhaa tobéﬁmng in the
duri ng t he coati n% ro&gss, ege substrat general l'y
infig55 POFAnS gfyBe hat veedra FgEuieghipied Grngmissign of the

saiMle hHigh! teolhtio 16 s@as of ee 1ﬁﬁﬂeﬁﬂl dahebe <Btiuilihl|§tﬂ qu1t:1|tl9. An article by
stinc r _may,. not rticylarly re t
?"Ict))Fr ga‘g}paéllr ?gﬁ rtg% ﬁ%es%/t;r 4 glﬁaﬁﬁipla # g%%ﬁlgf}g@ycmera to
obtaih y résohdtiogdioby to 130 mibiong hgrosscthe lsmmtof ttieesestid@asikinadematerial.
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fromabout 40 ran to about ters. Apersono
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herein by reference. An alternative approach for contact-less estimation of charge-current

performance of silicon material is described in Trupke et al., Applied Physics Letters
87:093503 (2005), entitled "Suns-photoluminescence: Contactless determination of
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have surface areas of at |east about 900 square
centineters (cnR), in further enbodi nents, at | east
W@bwattoes0D0 cnR, in additional enbodi nents froPCEHDS2D7/006357

1000 cnR2 to about 2 square neters (nR) and in other

enbodi nents from about 2500 cn2 to about 5 n2. Wth

the ability to formthin structures through the use of

a release layer, the |large surface areas can be

conmbined with particularly thin structures. In sone

cﬁmﬂg%lf%etcﬁara&tgﬁsdcgroggﬂiﬁw tvgfe?s,'afn%glp%l:a&é@ﬁé} iﬁ_sbr)r'ecl?gfence. The

have a thickness of no nore than about a mlli

progeseshisy thenBptpkaettidle rgn ks gencralized for) spatiad resodytionsacross the
semicardadthbt sirake enbodi ments no nore than about 100
m crons and_ in further enbodi nents from about 5 .
i crieAiEer oRPRY tis b significatspasametes &y spmisondustar ypegRimpance in
eledironlte applicatiohs. s ageiszmichhdicior Mbdts Aearibed MRS, Othe electron

surface area, and thickness.within the_explicit ranges
mhilties G © @b IFed AP U T AN Impugthel SPROFimeEs Hrlgast.phout 10 em’/Vs
ardl i @ities ¢idoditentseat tidasiSabot20Nem?/ WE.0A pereda oftordiadinyrsRBl in the art
n be .formed with a range. of .materials .that. can be
wif st S RITIGRY PRBRL 11, SR BEP LT, i th Fiees above are
coptdopdiited abd atenwithini the paesentodisciosuient Evalsdtionnoft ¢armier mobility for

seRlilonAOROEIIN HaRARGH, REDEAPHUG! Ofs BhshIUek Ho'f Borden,
or w thou opants. e’ properties of 'the shéet’as a
entitled CRyrstiure pichiyletheddfor Measyning Beorgdiss of b SemiigpnilestorsSubftrate in a
FdBHRAI0n!in& lrchPordidd Hersih BPrdigBh and carri er
nmobility. For photovoltaic applications, the presence
of a larger minority carrier diffusion Iength
In68Ypbi@tieh 86DYhanPingo ésw%nd‘u%@@@[éﬂatl on rate and a
corr‘(‘ans]%]o{}gl ng hi gher effi1cliency of the photqvoltaic )
cel IV e qOmRpogitignss icam, e selgftech Auring lenasition, by, @pprapriately

inGlbdulclag precdrszmgd &Eofmé réd2@ns istréagD mdrgﬁirﬁag iolsﬂmdaﬁ&e_ ,daltem(ajﬁvely or
m nduct or sheet o at |.east abqut m cr.,ons, an
SO oo RRBIH e ICR S SHGHIAeP R botpon b GO, can be
m@(ﬁﬁ&bﬂcargis the d:hl:ilarcpaﬁﬂg' b ?d'ld’meﬁ K@ rtiont thidebt fdueezmnd f' fozfation of the
t ha itian ranges. of m.nori arrier di usi an
tayedo Foftions oF B et SRR rale 1 RAHATE SlRhE ffe CPRISe 5 Sl fatine surface
andios pbrtisns &f. theMayérniiclomsse drheinmalificatiorcefi the eymysbisition gereamlly can be
gg%il] . (o] oF Sr=YH o =To EQLVARY| A the crystallinity
pégﬁ the lﬁrrg‘?tg%e%q and o zﬁ‘ﬁl&{r%rcg rg'ger aver age
cr ydSiearially.eond pe. morhemedifytigi elgmenss rcar rbedapifligd i tonthe layer as a
confpBéfibh Shfpridfg TR deSt @ Généit | ﬁlecs%ﬁlfdoﬁ&u&dr e{:/rmﬂF%aY)gJe $€sted near

-

Mnority carrrer lifetines can be neasure ] )
or g Af deeltinguisMPErabati incerpereist the glemgnt #to thefsemicepductor materials.

PaReining APproaihet B8 HRRBE to WiBotpdatie thé elembits, sSAcHBAWRBPArfs, into a portion
g nfrared transm ssion of the sanple. H gh resol ution
OLINEAMETof the material can be obtained quickly. An

ar t iTheénddifying @lthrhg e 8], a dbpanfl§Rdditib&s), tdnbeuftfodateddinto a selected
i nfr and a commr%iéeal pra .t o obf ai

red | aser CCD.ca a
oot st e B e STt i SRrpoRtion Wb Guly Pagdiog et e laver
usingeolnton baoriels ot g likat Alteradtiveljlve additiatallgra podtiort dfdhe layer can be

| C [ Q I . Iy Physi cs .
o SERNRAD 48 ' A B 5 DN S, i
miggatine df the madifiiog glementintoche/maskad cegions nBeferring toramembadjment in
Fig. 19, layer 600 can be in contact with mask 602 confining contact of a modifying
composition with the layer to an area uncovered by the mask. Then, the coating is doped in
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carrier densities and lifetimes: Measurenent principle
and first applications,” incorporated herein by

w0 efoeneisee. An article by Goldschm dt et al. dPGDUSEET006357
the cal cul ation of shortcircuit current and
open-circuit voltage based on neasurenents of carrier
lifetinmes. The CGoldschm dt article was presented at
t he 20t h European Photovoltaic Sol ar Energy Conference
and Exhi bi ti on 6- 10 June 2005, Barcel ona, Spain,
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the dflianﬁgi throm Plage dris®nS Hohexamiph€ amighCioawsr lasérrcaambfpersed to melt

arti roduction,. alternatiyv onal - P

ocallze liegf?) %SJ Ehézhooa‘t ing . rjear Cotﬁ /s&f?ﬁ%m"{]hﬁ}g opant, or odwx modifying
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copeding provisiongl m#sntaamhgmph esead pamher $0/90R£0¢ datHiggmair et al.,
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modi fication of the conposition generally can
Comresnasding F rofesisse "19‘?3?“‘1‘564/\5%?‘“ OB a&IFEB or  dens er

coatu; Béferal, lQﬁa gmdds @51&1&0 for i RIubRE hfrﬂﬁdﬂghn@' iRk tto a layer
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within the layer. In addition, for the deposition of a plurality of modifying elements, each

modifying element can be deposited using one or more of the techniques described above,
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Patterni ng approaches can be used to incorporate the
el ements, such as dopants, into a portion of the
wo 2002n0650he nodi fying el enent, e.g., a PCT/US2007/006357
dopant (s)/additive(s), can be introduced into a
sel ected portion of the layer by selectively
contacting the conposition with only a portion of the
| ayer using solution barriers or the I|ike.
Alternatively or additionally, a portion of the |ayer
fo{: %g?‘ks%ﬁleggée/ ??iel%ogsge ?ag%i ktBr %éé&gegg Iatﬁeai?&f] ﬁ?ehl O%E 3¢ the resulting
"Wﬁ@ﬁ%tlon of the nodifying elenent into the masked
regions. Referring to an enbodinent in Fig. 19, |ayer
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roR@Ph P4 90, 3 WALy RGBS ekl SR o5 revor

reiupd b tBe prreortusss deerStrdatedzand she' salidguatyin saengthenesdt Girqugh the
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transition temperature. However, the material can be heated to anneal the material to
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copendi ng provi sional patent application serial nunber

60/ 902,006 to Hieslnmair et aL, filed on February 16,
wWQO®7/10602 i t | ed "Photovoltaic Cell Structures,PEOU82007/006357

Panel s and Correspondi ng Processes, " incorporated

herein by reference. In general, the various

approaches for introducing a nodifying elenent into a

| ayer can be conbi ned for the introduction of one or

nore nodi fyi ng elenents |nto a Iayer For exanple
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of the coating, for exanple with respect to
crystallinity or purity. Other processing can nodify

wo b@7aaisposi ti on of the material or add additiBPCEDS2007/006357
conpositions to the coating. For initially dense
coatings, sone 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
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AFoxygéh t- re & G?/V&b(ﬂ’ec‘ c
copipOsitiGissandiolr loptidal propeeins cdalte ﬂmtaralsabﬁxedThe flanme
resyl t.i.ng .from.t react of the fuel 0
Cou Sl Bt oS Fsh o7 et s mpn et ARSI have afer
comgolitigion atlepemgé thiness yin addaﬁge@hafnmb&rdmi 3000micioss, in further
trat C eat i ng. st ep, has, bee bservedto
en%%gﬁnc? (relédgi atﬁ%( g?é%gsgdl { in\?e(mfe %aé‘r 3{)? gnp%%on afy ™ additional
entbgﬂlgwhtsdmt the rangé(spoftwpmoreghdn abguig?2 Warmicrohs.fih spwe lembodimgnts in

méﬁaﬁ&(ﬁ %np ?(5 i %&8&0%5&%%% \?\#} i' ﬂthéxtae%ﬁ)%dﬁl{enéfxﬁ %range(s)

de osl'tion several | ayer coatin

frqnaslmut ﬁayn@tonﬁﬁfy ahowt 2 aworphé peEsap of siﬁti@smeuavrwnasecogmze that
rafed fithinaH &L Spechift tafis Bk @Rtetplatddt dd ot AW ENiR ﬁﬁ@c@ﬂ: StithPpresent

one or nore additional heating steps can al so
disglosyrer fagh gptterm Jaymoiprmed fRe Ranpcles with, the metq?élposmon can be

foﬁr&acﬁ"@’ﬁ onlde@t mbfeepdssas ﬂhﬁ)uﬁlﬂ fa ﬁ@diice d]oSzU bﬁ h rlighﬁiieaﬁti\fé Eposition
qwlnaswt bleo &. d@éua
SRR PE LIS DB An PBSpBotguhe sructure
hwammumamﬁé@aeﬁ_he conposition of the surrounding
gas Sui S _can conprise or,. exanpl e n_ ..
el pPE R PR R RN ST A e Fae Bbosiion of
eaghi lahergastblé@;y;ng Itsnidepgsitibm ofi giultipkelaggysoe some combination of the two

approaches. A suitable processing order generally depends on the densification mechanisms

of the material. However, it may be desirable to heat treat a plurality of layers
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contai ning the coated substrate. The heat treatnent

can be perforned follow ng renoval of the coated
wGaawsteaEdes fromthe coating reactor. I n alterp@ar/usmo7/006357

enbodi nents, the heat treatnent is integrated into the

coating process such that the processing steps can be

perfornmed sequentially in the apparatus in an

aut omat ed fashion. Suitable processing tenperatures

and tinmes generally depend on the conposition and

siffilft %&iﬁckgﬁﬁ&ﬁ t t %ﬁ%%}'}%?%? o) egoélfﬂﬁftanmp BfhSreduce the

sSha parti on t nonet er sca

tige prd eamplexity of e mrryfasyuiag peacess @pmd rthysefeduseanayufasturing costs. If

the HaHe teXipesfnbd %fe Pick&S at’ RlaginaME Vafhel OMd it hbterials remain
I arger partl cl es due to lower nelting/softening

suflagiently visaousisach thetdhe layere e hoppdarienwighip p dayer d%ﬁs gterge undesirable

mﬁm&sw e fiterfidee trukmhﬁrpaﬁéxﬁwmﬁm mbmnFI &fﬁ?g]ﬁbn patterning
catl ons,

ar | SonFs\‘gM ygzwg}a g{qlh For e]ag¥ %Sg%nghsuch as chemical
etchuié Whlwatidnmsmﬁﬁgt cdﬂiﬂfeﬁxbai 0 Gyrm deSirg@Epuftéral in one or

e t b d t ..
mdReEt ndp el aeaiuy Sttt S A el R e toston of
addaanédna(tmag per pendi cul ar to the direction of notion

of t}%}? J%Hggé Blfiod @Ar@ﬁt[ hS sggh&hﬁe&ﬁé%? %@ osrttBt%f" ks oW, particles

sta on tO er - acr oss he z
capihe depositedawith bbmwgcm@d sizgrin jthe mdyegwnt\aiﬂhe a smgle layer or

[ f n%ﬁ’lle@ﬁ&ﬁé Tsol[ggq,ie
beg‘g%gﬁ I%%gét ?ﬂalgcan be applied to a eS| re th| %ﬁﬁém and vice
versgr Taitsiran ksl faswhasformntion of @ rleaslayss in pastiilag awithogradient in

paammet £eat é%&&tstebwa&ﬁffthe Sfnallér bmlewtd a?gfsarter%%mnan the

g AU O It oo s o

t1nct
°%| 8%@% ?acysrdwm arger prHeles §ag form
mk&y@gaayépem fically, two | ayers wth different

oS P BRI S, 008, 90 LBt L0

has brdn dstablished tltdnfgh a [zoueks aﬂed ayxennek rm;zlstélh:_s,eabn EZ¥MR). niadZMR, a
e ha S each
he%tsioﬁi%a 14 er tha &élorﬂn%g g Ih{fr? %esofcsgpcoﬁ ﬁ‘rn lrl)‘hts :f\x?at 33% is swc%t across
th¢ &rer For eimwk apfogwrgd [halpgen l@rrmecpos)ptue@ﬂ asthe Hinee hwt source. A
eigﬂ&ﬁﬁ)te' t l&v thC%@&KI%QO opﬁlneﬁag‘;@t %gﬁg%gg}lglstm&&re The

acent to the other, or adjacent an ayers
f mgvement of the hspterds fentiofled @@dm&%%@stemcelbam tbmntqkmg front
andltﬁé SRIHca A RE] THeRSs G3AlaR&: bW ERh &&%Qvéé? BA reduced
. .or ABCABCABC .. O her conbinations o ers
PrOResYnEs ERStS) Wit aé&ﬂﬁ%wmmee%msﬁrhrgﬁ Frstel gy é&“¥ feaer crystal
detes. be fornmed as desired. Individual densified |ayers,
each of a particular conposition, generally have after
consol i dation an average thickness in the range(s) of

Relasabayer mxe_m'é@ﬁﬁh Relessinpsan Overdoat Stmturerbodi ments i n

4 IR bl S S0 g e e
franh adjaednd utlat@&@s nmGenenally, tha psopesty cofitbelirelease dayean préngdes for the
scﬁﬂ‘ﬁ%%( ¢ dt%‘@a?eb kr %‘o&n Uh& '69 %@&3 o AR lihjoﬁgné' LCEOAR:  Shitable

er e ments’in t
physical properties of a release layer am be or example, low density, high melting/
softening point, low mechanical strength, large coefficient of thermal expansion or

combinations thereof. Suitable chemical properties include, for example, solubility in a
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fromabout 0.2 microns to about 20 m crons. A person
of skill in the art will recognize that ranges within
wo begaoespeci fi c ranges are contenpl ated and arBCTSI00TI006357
the scope of the present disclosure. Each uniform
| ayer formed fromparticles with the sane conposition
can be forned fromone or nore passes through a
product flowin a |light reactive deposition apparatus.
Thi ckness i s nmeasured perpendicular to the projection

sdicRdEsolventing Badifish, $hd Hﬁ{eﬁﬁleom% r&ed5 1hy ¥ ndihify28Ruld be inert

area. The material wth nultip tpartlcle coati'ngs can
With TePsEt torthe Pkigr IRicgialstay éoeawu afitglevatt nEeRepsingysteps, sych as at

higB ltérfydritgrel GEsoRR @M JdirRéhtdf Tﬁ@ie‘lécféd%rbﬁa‘?&golf%e FeRAE: layer can
sSul tapl e

i nation of the r.oac
5 - PoReL RGBS R &?dg'dgﬂv% gubstrate. In particular, a
clibaiicdl fana@e iphipsica Ghrictos caf béhepliw & thel reled@\RY&T to teinove or
=\ qlgeroele 1abI e to heat treat a plurality of
?%%//& SiCITiTt ahaousl y. Specifically, heat-treating
nul t ingdeaeral yter thickness bf meaemeyam parr i Gethiin @ﬂrbﬁmteﬂlhﬁ:kness

ra?l@%ﬂ!le%&l;e\éuﬁt Ehlgg larmnu acési%é l}yg{I ro%aecaye ﬁapdsmon SOn one hand,

ce man
sinemnthe release dayeamay pptkaedsedtﬁmoeaeadlyamce theadvigamat ishmeleased, it may

bg]ﬁéirﬁﬁaile B @l% %elE%QQAﬂBr ?lHIl ft&?~I . e%e\yérsrgpd‘écé u %v&teb@rt if the

ers boun rires wt aver 0 nhot nmerg
laMWdleéw i, éetam pFapstties spgheas) rn@@pmaelestrenwh feayrhe a ﬁmctlon of the

thRRhELTAEH tiiak UL LS fln@lidP Wah e bihised): 1P %Erﬁe?z[lnh 'Berson of
approaches, such as Ilithography and photolit

oRFBCERE Fihe S 1R U b OIknET obiaiT AP PRgPedi of the relase
lagérchi ng or radiation-based etching, can be used to

for esired patterns in one nor e ers
pat t ﬁiar?"eﬁ& SHB%@ eqti Ay eaﬁee ‘Hr‘?rﬂlﬁ’wd’lfcg atically WrFég or drayered
sttwotude [5a61 dontpitises aashbbtrdt@ AR, PEkase ilayer ﬁyt eMb BYeroght layer 616.

dit tota
SRS 7 SRR R0 BB a0 ek gt s v
regect fookleassilayer imatdriab Subdirate 612 oray wr triayy motcasnprige taykd\deposited
us%[gp@%t%f le %%%Jsﬁio]p-rhlgéeasg r@l l B4 REE t !)Cl S5 gnenorbr(lelore materials

ar ger artlcl es “and vi ¢e Verds
Wﬁhimommb@ é@@ﬁbﬁd h@pm_t h@vérspatalayan6 & can cemprsseone or more
mL@MﬁE in $ J}%Jrh ThWaI‘rBWQn g'agagb %mctﬂaﬂceﬁgrcfehgc}sethe separation

Sl ze, a heat treat nent step ca ensity t
ofpeirersoat dayer 61t fign: layered sgmetre 6Han Qveeoptaleyer 616 can be further

prBadstddBesre SHGBr AR sefabRion&Foin AeRPikiced fRAhE kRaldn $ffdesired
| ayer with |arger particles can formthe rel ease
prPQ'ﬂFér. For silicon sandw ched between | ayers of
si iml’thexhdﬁamt:ileﬁwdtﬁfgabf thei fc¥eatd 1dyBE whild wmkxaenechamcal
one

d th d
SRR s FIH RS "EAOR Con RO Fnrest e SEE e Bwtaly it
is tibsitablecfor thre Ir¢leage tayemtolhanea fwes dénsitp thahlthmurﬂ')hndini] materials. In

e c he .
RSB P ER Bk ol oY | By By, i some
erehnslm@ts & lmmlr@pt ¢aperbent phdiineftirthes] ambotiimnst frare boug 50 ¢o about

bas
9&@&5@9 8?”3%0 & g&&g@@ﬁ%ﬁéﬁ@ﬁ if ?F%ﬁ O beboBnizd A%t additional
rapgfis (pftpordsity aithim theeexplicihveanges shovadre tongemplated and are within the
present disclosure. Porosity is evaluated from a SEM micrograph of a cross section of the

structure in which the area of the pores is divided by the total area.
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and the solidification front There is a bal ance

bet ween a faster sweep speed that reduced processing
we@omrs0eMI h a sl ower sweep speed to get | ar gerPCr/ys10a1/006357

grains and fewer crystal defects. Rel ease Layer

Properties and Rel easing an Overcoat Structure A

rel ease | ayer has a property and/ or conposition that

di stinguish the rel ease |ayer from adjacent material s.

Generally, the property of the release |ayer provides

for

pot ht OF e e eriy bifhe rBERR g WE ok BB Gn te deposited
with gplewves densgy gyreoyading auatgrialsgnHpweveroin mpmbodlmems the
loWep aéﬂsﬁﬁ o@'ﬂ@qre@.&é 1al ?8/ caR QEdR ¥ rBRICBd or bRWiNTRA R S&tion of

strengt ]%e coefficient of thermal expansion or
the éﬂﬁqsﬁ deves ms!“ HB¢ avsrcoatlayer pads optenallyapn padssdaver ate more fully

ddnﬁ@iwdﬁ‘thlsfﬂlffeﬁm fbnsﬁ@!litm:t éath:]tié thé lréﬁﬁ'o‘flqahﬁiﬂg QOh eI -with a

IT1 ONn e naterial. o e.[rel ease ayer

hlé%%?foaw feRsRRsHICtheR: SyFunding) yndensifisewaterip! TR fpgger primary

paradle rsizel &aﬁtmﬁwm tal RigRerOfiow akMp&aturd)r mbe&ﬁésagerﬁﬁoanﬁems the
[ i rents

h t .
AP PR SUPET RIRGT SphPHerEtc BF P RN Ry Bt in 5 Teease
laget pivivh tackhwieo desgiyr thaee the siontemntiiag engtenialf modnat &erespondingly low
b
mREV BTGl Bl ey BB BB I Rlure e
releasedayer ov ithentodamagingftheetenroat lam rel ease layer. In
| .
9ENefL se%:I.rQ@orI f&'r&mﬁ%§ é}hetdh)?r u ﬁ]gﬁﬁgnécﬂ%ﬁ%al 3@%8? PRfchanical

within propriate thicknhess escri

engigyesan |baymleée§965mme 19 ultragenic V@E?élomﬁ anegbpried! vibwations shear

fofed 20 ehdmaRd, Al‘éérﬂéiﬁzeiyh thel15)eROSA HePUfiba AhYt. ﬁﬁtadﬁﬁioH%Qt/coolmg
functional ly once overcoat is rel eased, it may

andos i ressYTE 98 '?@e@wpllﬁb tq Gciitate the enaration based ep) rﬁ'é@ﬁ@ce in the

coleffiRint I TS EHeFRAS expdasiBy € Coblingt B bBYRicoinplisied, WY Bxample, by
certai &Fg <gertl S.such as mschanl cal strength may be

coptacting. repith igud pagen. < ch that the rel ease
f undhi manermmbbam&mmp rehen isleske lagergemert® chanipgilys @epaidted from
rt can a%LUSt thj t-hi.ckne

n
oY Ity i sy PEaciBRC iRt 1) o B g DEfiEnc at coes
nolt dissolec th;:tcrwmoaur layeni tTo etch Si(ragichouayertingswith silicon, hydrofluoric

I[ly in Fig. 19. Layered structure 610
ac{é{c:)%g:ﬁ?gleéépa substrate 612, rel ease | ayer 614 and

ov erksoaeilitats e seppgatiog off therqrersoatifrome the relsnssripyee apd hiibgimate, the
OMLII thiteRcGh ba h'eléagéﬁly h@hef&L{§ &Grah St Ql\Pfa@Q PhéHsRE surface can

respect to release |ayer material. Substrate 612
bermyroesrmmly eqwal it ging laree thapyessalierghan the gurfese 0§ thejoypreoat to be

rele8R4! | Vie 2RP&sHdH anh HehRFSGCsuk BYE earﬁ%é hade, ENanpR, with an
i es as descri bed

ne e materi al vthh propeyt

%ﬁ‘\é‘? ‘H.‘H%[}'é"r c’d‘afPWezf)'?é’P st SHC eIt Bay SSB’Fﬁ"fﬁS‘F fo associate
themtaﬁsférahﬁfaw afd) éheOdveidvat [Thy erafsfer(suefadd can\be Risdd @b app®y shear

t cal | | cts the aration qf overcoat er

angfof Sk Frarpl R b el R RBTE esaREt croves /e fogeyts e friesse
layee. fInrdoiner embodiments, an overcoat structure can be associated with a transfer
surface to facilitate certain processing of the thin separated structure. The adhesive can be
chemically or physically removed to release the thin separated structure from the transfer
surface associated with a temporary substrate. In some embodiments, the transfer surface

can be associated with a permanent substrate that is attached to the overcoat for formation
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processed before and/or after separation from

structure 610 for the formation of a desired product.
wao-en7tisonechani cal fracturing of the rel ease PEHES2007/006357

while the | ow mechanical strength of the rel ease |ayer

material can facilitate fracture of the rel ease |ayer,

generally it is desirable for the release layer to

have a | ower density than the surrounding naterial s.

In particular, the release layer can have a porosity

st 0 can! EM%' usi
mfbfegzr%mg%gutAgg gigréglngtﬁg&%gl n ftsl}r? er enbodi nent s !rngsm sing
cogaipbleappieachas Afier wipaspfremithe rednasshaysr. Adhgdyesnd ge like can be

reRhSHANATHY fosdel Lul,d/blnwmh Suidble shivehts aRF@EMkE e t hat
addi tional ranges of porosity within the explicit

r andbdesifsdy ée%'raél%%tbsnrﬁlea%ee Y e & FSRQYES {fra, ghe release thin
stiicRSEiNinglitsiih®stifctishing.r %énﬂﬂg%fn&?éﬁﬁdtﬁtbwtﬁerreﬁh@ 1HkMnaterial,

m.cr.o a Cross_sectil o Q struc re | .
refiHf RICRE oy P isr R bR EeFia o o o) o i in dsilqr chemical-
mévhamital pnhbhlﬁge Mechaniedl pdiisitng yanObe pdﬂfbnlhedl m&nd)taﬁﬁtl polishing

se er can be .deposited
el e & CSPPET KNG Mdbb S et afe, SRS gy sitable
etehifg dppreadhs sutth s |obereical ewhing yandfortrhdiati@l ewhing| ayrebe used to
reﬁ‘ﬁoe {hg%gl(;ua e&)&gﬁgﬁqﬁaqag] el i m nated densification of
Iease ayer e overcoat |ayer and,
optional |y, an under-layer are nore fully densified.

&%ﬁesddntifl:% t &Cﬁoﬁ.egsnm? §Flf bigP srabuRR€ the result of
ng a erial W T er 11ow tenperature than
sur riglipwinggrelesse of| the é’deli?a{ﬁeffpﬂl thg (pebgtratey thrgpgfe the removal or

frAUdr BRI YhdPRidab € I S ItRE ol hadat HESUMds S BB Stalliff Strudth@W This free
t enper at ur e. For these enpodj nents, the densn‘l cation

stapdingrisiEs Egarralivaifer ey fiin Wiy dnean Rave gt lasge surface area. The
stiuBl ey mhRWe mayafod hhve h Patterh@l @a%Miré amﬁg uwubberasulrﬁwsnd may or

ensi.ty th he surroundi n teria
ks st ol ey
su al stifittuf € Pr¥gssadl ©wovardo thier Atfich or more
reI eag a darra ng t he ver coat
deyieeSr a | otﬁ’x ?%orvge can tléreapp:be gedn 5yt s P‘i/rmﬁ"e“ ssoclaléd with
annﬂrch aubstrate @nﬁncgyate rotessing @t fen dreg formatiorb o f s:ugei¢eed Suitable

I
PR Sl A W AR R R TERENGE, |
t he Ih araeral, dhe oberogal| lhyer, fopaxamplera aefviicomdwgtor sheet, can have a
phE}%ﬁ’t&/ HIR et BaBEL WY FRLERR 55&%9&#&%&%% lof deties. Referring to

facilitate the separation based on difference In
Fig.029.f freq-gianding strp@vign$20c sraprises iwo davsirs 842.c 62 beOf course, the
coftipbSItPY 181 twWoPlayEX PN El ab¥he AR thRindb& Sdn' BICELEGed as

wth liquid nitrogen._In sone emhodi nents therelease
depizede  Sipyl thbet he pumper9f lavers i b eRlY OPG HVeu R ATPPRg than
Folr @ﬂ&bﬁolta&OéelEap@ﬂﬁitﬁns tihan/ @) de8i£bl¢ By Rive a8 ob ﬂxoﬁi@ﬂﬂbb&tectwe
ol vent t hat ve the overco

el gtk S REH Yo R oLPY ROEP| Efoped along the

entitedaydr o @rselectad portioa thepepfu Refbrring to the cross sectional view in Fig. 21,
structure 630 has a protective layer 632, a p-doped silicon layer 634 and an n-doped

silicon layer 636. In a similar structure, layer 634 is a semiconductor layer and top layer

636 is also a protective layer. For photovoltaic applications, a top and bottom passivation
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To facilitate the separation of the overcoat fromthe

rel ease | ayer and substrate, the overcoat material can
wheorabasesabl y adhered to a transfer surface. H¢BUS2007/006357

transfer surface can be approxi mately equal in size,

| arger than or smaller than the surface of the

overcoat to be released. The association with a

transfer surface can be nmade, for exanple, with an

adhesive or the like. In sone enbodi nent, static
]a?éreﬁltnﬁl&dst 6 é@eans ernf-ﬂnaﬂ@nﬁnsﬁlgt' 8}%{' %.Eewélh‘eis rot ction from

ransfer surface and the overcoat Thé trans ace

meghanisal apdehemisabdamageshear and/ or pul | i ng noti on to

the QMRS 68Rtlet Quril@hreY 4n HE GLAMISAith MBI ¥ntt Bydrt! BAWHAE different
the rel ease | a In sone enmbodi nent's, an_overcoat

degrees of dpring &ﬁdf\éé an, ya-gepesk layeryFoR example, fefeminectq Kig 22, pgucture
640oKasal ﬁrmlmaﬁalmzm paessl sﬁlﬂ:oﬁfla)feh 644, hihRinsRpad §itiesh layer 646

struc ur The. adh e can cheni cal |
SRS R o 1 EFETLGRE HEVPRF Ll iiegpgtio vield desired
pafdewr €orf tlemfinhke prédilksT &1d $he fpaessays approhdhds Viterdin aprovide

r In _sone errbodl ments, the transfer
wns%@a %éﬁ’%% fors i%lgp'ggé*& FFH™ per manent substrat e
t hat Farsheformaticadofi photoveltaiw panebat plucality of celdls iisogenetatly aonnected

wht Q%G%naté%l%&ncﬁl%nﬂ&hgnss&w&h L{ﬂeETe‘fIQnTQ Qorhl %gm p{rgg area fice

strates usi ng co arapl e approac
standingastricturesdasprabed diepgin gan bﬁy@rt to fetimea plpeality of elementsivath very

simA&r S{)érﬂlase@lﬁecgm‘ﬂetxﬁ’hté}f% Qﬁﬁlnﬁ[‘?&n&f MSB,mnséﬂeﬁaﬁPL?ﬁgllable using

solvents and the like. |f desi remants | ]
the gresssses desgabedcherein invelvapthe dormetinn pfielargsr axes gratpstive layer with

seaﬁédaawslelsmaw@p%&meggp@éedmlthémrﬁae oE BB PRHERR e MY ed, Mrich is
nature of the release |layer material, residual release

S“Pé‘iﬂ@?“‘hﬁat"é‘l“?‘éﬁd e ensvEFenFTalaRigcioarf Egpsparent electrically
cd@dhd:tﬁ'blel&traw/ T6 cﬁhgmecmé meénadpp&ana&oae@xmm Qlterconnects can be

I\/lech erfornmed with toriz
Bt ierie st Ak e Gt Pitcsreitvartn Do RSutret t ramplete the
indigiduelaelisict or art. Similarly, any suitable et Chl ng

appr pa cal etchin d/ or radl

or orih Emooditel), S5 SRRLE in St Bi el S8 Ployatin Fie. 23,
whigly gan mgt forined thrPugip degtosition atierhingt drethréighcastiigngf afstructure.
REERRe 3 FUIB0rIAHE b fiss TR %60 iARE: Mankb864, 666, 663,

e subs rough t

over oat rom-t trate e renova
670 hilg shown witefoprislands thedyrge layeheandawe fewgr thoa danrasiands, such

asfong etw%t&@%mﬁhg %9 H&@ma;? ﬁm isldn8€ sﬁa%diprte a§ﬂ(§d§§1{<ﬂ§ﬁnds A

generally is very thin while it can have a
p%ﬁ?ﬂfoa@édlaaréékﬂhﬁéhgw u*etl Geceenias that a%&;oqufanmwf igland numbers

witith ks Siblﬁzitrrhhfgt&hi Bl @n&ﬁ&lété&aﬁﬂmﬁltﬁmrtﬁaﬁﬁs@? fdggigyur@r Also,
not reg a er |1 u
1B RS 6 ot P B B OORPEh 0 Gen B inB el bavh & phyeslity of

laﬁrx uCl.'her ﬁza‘.‘,aﬁlmhﬁes%u bérhﬁd’snttbhoa}ﬁSﬁ\ﬁdbdrod!grag}ebds haay orr1 may not be
n e ces .above, the
oo teRed iodlent BlBal S He Bosiicmng ot 8 IR0 Gumb o meg got be
Symmdlxua raod hh;r losatiaais rofi istarkls c.ixabe bel¢caddeaspdesited &irnye formétion of a
p gFJ%H G cufdi %\f‘kg‘fl %ucﬁ:?l:? Qgﬁﬂ'?{e%&esgr’bed further in
| sc u hé

above G n Ene Cone pr ocessi
copgrpstingapreisional patent application senal number 60/902 006 to Hl&slmalr et al,

filed on February 16, 2007, entitled "Photovoltaic Cell Structures, Solar Panels and

Corresponding Processes,” incorporated herein by reference. The cutting can be
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In general, the overcoat |ayer, for exanple a
sem conduct or sheet, can have a plurality of |ayers

wo baw/1e@m be ef fectively used for the formati onCDDS2007/006357
devices. Referring to Fig. 20, free-standing structure
620 conprises two layers 622, 624. O course, the
conpositions of the two |layers as well as the relative
t hi cknesses can be selected as desired. Simlarly, the
nunber of layers can be only one, two, three or nore

pdrRRed BhSEstrdchlre ROQALRLS BhG §§Hs¥ﬁgﬁl dub@bdOBF aftdet rAnfr to a

be desirable to have one or nore thin protective
trangparend sgbralfne or nore semi conductor |ayers, which may

Or NRYgéietalPthedStRRturad @R bk Nfto&ddsddr ﬁlﬂh@l‘/ ®kin@’a Range of desired
sel ect ed gortl on thereof Referring ‘édoeat e Cross

al%i’é‘latcl‘%nal pitakle i progssging 21pprgit%sctlm 3#prn gxample, conventional
afipbucR&t dddptel TyrCthe @%essﬂlgrbﬂi&@eéu&delae&rhtﬁﬂﬁ% G374 eddfiple, the
an n-dcgggd silig(gn.hge In a simlar structureﬁ
Stjugtpess © PEOCESSEL M t°8rp‘?°§§F8§ TR BIPCPSITRAn dgngglification
px"oemedss (.‘Slﬁtabre(liepﬁilt'm/repioa& rinchirda{ fcﬁhﬁchﬁqul, tchérical vapor deposition

(), P? Pipor st iR VBP0 iR, YR Pt gm sqptipe. keite
coatingyekirusaon maong,onk §=t pfintang, keoATaor rm»i vaalador(shbmczfébombmatnons

I
%@??(grrqent . CSHOBR r@n)ﬁlg)ﬁgl %&e&cfﬁﬁé‘ BB @ﬂa&ﬂc&’l"'&cﬁmg dry

a ers hav erent de rees
etelviegy of ragiatiom @%@@hmay@pchamﬂ Mﬁhﬂpg,echerne&faé rnreichgu polishing,

kilowd of ZewS VaMAHdAE EthB40E h@entinabibR! SfdriofCol AHE MikB42 MMification
p doped silicon layer 644, an un-doped silicon |ayer

gerabe veed 5o B diy thegwppertisy apd/gr sompasition of thy materigs along

thStshHQ@eU b tKABtrik@urdeS eIk h@,d»ﬂcﬁh&l eRANiGESE RRIE! IBRN&@mple,
fqor the final oduct and t he CeSSI ng. approaches

heptipgjthe ,mwae e T R S POV EPIIE; GRftpRging the
stildRire vith @tredctive Eﬁh‘rm&:hedif&flﬁ@ifddQﬁoﬁiﬁt hbGaape] écthiinations thereof

nel.s, luralit ener connect ed
o e,  Bepitich, et g, ruC Proantior fabpe; pigormed in
cobdditasion Wathfmaasking op dittegraphianephnignesa free st andi ng
structures described herein can be cut to forma
plurality of elenents with very simlar properties

mm@nmmmm n a panel. Also, an
ﬁ' teg ﬁ‘&tbx\lcﬁ aft) ﬁnkﬁg grg %1{11% IBT &‘p%%&%ltﬁ@ 2415 R&Shbled onto

erel |nvo ves t tio er area
anp pRITeRTiats; Subsipsturepiandy elestricalbn Geertesiem sFan@sample, semiconductor

isIBRRT S b iistimed diRead oafd hfb?otswvfe d@éeﬂt h@edd! Okﬁ%ht‘?v%ly the

| ayer, which is subsequent renoved to make the
Seg‘Lﬁ“Pﬁ‘t%“as\?HF‘I"%lcé“ befosmed f&’ﬁé’ﬁ’é‘f‘é‘l‘ﬂl cgllsepgd apehored onto a protective
she@ et bdparat€ FrmhtiodeIf 1dgeGasan 6f e:aﬁehas RA RIrmed, these can be cut

i Ror s e g G B PR e R s The

semmohdnldmdslhnnsmambb @drenetl lndthi desiredi sﬂuetlureSﬁddp&nts Aand the like with the
prg{@sﬁg% {l}lgrE ace}ﬁié%ou&t 8 e\él\{'l\ng% cet\nl\gn% roﬁéo the Bgs%grgph%%;lt surface.
Tltehndlugiualj@b sir¢ Flertripaltyt mtancomgeated inmeuasghn patalleingr afmtdnations
C { r S
Bl R b b, AU S L8 s
complete the panel. For embodnnents in which the semiconductor sheet is transferred for
formation into a device, the release layer is removed or fractured at a selected stage during

the processing of the device. However, if the semiconductor is directly deposited onto a
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670. Wiile shown wth four islands, the large |ayer
can have fewer than four islands, such as one, two or
W@ boogreodssl ands, or nore than four islands, SucPCEBES2007/006357
to a thousand islands. A person or ordinary skill in
the art will recognize that additional ranges of
i sland nunbers within these explicit ranges are
contenplated and are within the present disclosure.
Al so, large |layer 662 and islands 664, 666, 668, 670
rBPar R bIAL oS JRUL s dniBlrdfullol 1/usll o BISH he @‘;@ovoumc

si ze, thickness, conposition an nber - of |ayers
SW%W%&?“%@‘%&@%&%WC‘ wevldeefomedf er ent i sl ands.

The mc&h&hp B's@lﬂr ﬁ{net B Rohstiudied SudiBMat Hgh! BN Rk tﬂeepanen and strike
symetri.c, cations of isl ands can

the Semigopgude a’é‘gqﬂﬁled rchargss &5 W&P%@%meﬂ“t PE theqlight are

haamtwcﬁsmg_aﬁﬁfsnfguwrfdﬁg c@lﬂecfbr§| | The Our ik dsUSHt the Epa@Bl Fenerally are
te | S descri bed furtqer in cQ endlng

SEBFRT e RIS BRtech B RS FogLpr Ao AHALFssauls. Appropriate

whgOa, ﬂﬁ&&&:léﬂuﬁ&ﬂ reahiieceidnsato. thef d:d]led)faﬂe Eﬁhﬂuaw ik€rease the
en d hot ovoI tai c Cel.l ct ures r

ek Sl ot Bnthm B gl e bl b bl tousgh e

buller ef nhé)yserreéaendectoe mé[bmlcutlhl |pgmcal|ar bdpersﬂmonﬂgeknmmum-based

selidiGi e A ne! AP gﬂans ﬁoba{asafch%g eph%g@]%%u%t §r 2'p-

ter subs
dophet %ammemr@tsmcm cb@nmmfmss &d 0ttt bt 1orsiof gatems/anbe

of d&3i Lk me&%&s it Y1 dRfdie R 0G&S 9 @P%lgﬁﬁ%@gnamum
i nclude, for exanple, conventional appr gaches adapte
semigongpeions thateare |ﬂng t@fsa‘reamgter@mfaw ot dep Hen ineeg pemiconductor
lajeRé R ad¥e!tBo thitemay rdé@taugcﬁs £ a&sike amdaﬁ@%sa%hw tThus, in some
"ﬂi? posi tion gr ocesses, noval processes and
dir e tho! atiun-based sgpyeon dusiorsapihaNe ap Brssags thickness
from @bl elmfcﬂm t6¥BdHY 160 midi6Hs, ﬁﬂgnié&ﬁ%dﬁ&lﬂ&sﬁ-_bﬂnchlboﬁt@\%h ons to
ca vapo i tion . Spray coatipg, brus
LBV Rfronk; B Riphe arbo i, EBLAPORES PRIoR1g it 70 tidtons and
mcxdainongl embddiments pfranntabong, S kmawns ©¢ ab@w 60ami@bnsONA person of
t her uitable . .
ol Rm of RO odni B8 pligdndf e CHE e AR thickness
wightin Hieregrplicit sangeschpyrgare pontadplatted emd fraswdhirethe ipresent disclosure.
rTECI']ﬁll’éleﬁ&Ll Qﬁé h.égrln?l.? ofCJEEE" %ﬁ]él %ﬁpﬁgtvcr\cﬁ{al Qcﬂlnl ?iﬁis ng 'dFscnbed
éreo

known “or néw varl ations reo I natl ons
fugghertindU.Si Reatent\631§.8 tatd WMerizansheti ahu entitledn"Solar (ZrlldModule,"” U.S.

Pab@dlisf2071188 1 rl@%'k& =1 a&ﬂi‘l@& "SAIPeSH Mdﬁﬂleo'f ulsh %atent 6,362,021
mat eri al s al on he surface of the structure. tabl e

an B Pagent B AORGE B0 EETY &l RIEHISS SHIGORCHRM-Eilmy bnieartge Solar

c&lhawsamactaua eMbmoaa JfNMMabhu faBHARL thy €Sdde,'T QUUEIrVEf which are
.enwron act n,gl?the structure with a
a

in R B POy PERTIFRES bk SErUPes s (Hee ol ean be Mdapted fo the
cosgnistioadifsolar tdllgraaelf using theehih s&ﬁwodimaﬁﬁg inherials dedceibédherein.

nd/ [ t.l on.ca or 4-N .
OQIX %al%erﬁ % t%P'H Crin {(ovcr)] ax% mo Cl %on} %EH heteggﬂsdfllcd)algpnamum-
basedr septi¢anduebr, Hwbtgsvleyetra:fcﬂlﬁanelbp ﬁrtpedathat/om be¢ osquatochrm the

cngx%nﬁl[ﬁg']hlley ﬁ?essﬂccm/éjé}ﬂkﬁlhﬁﬁ &E&P Ml%ﬂu&@l' Caf %E ! d%posited 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
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an appropriate substructure and electrically
connected. For exanple, sem conductor islands can be

w0 ooomeebsoi rectly onto a protective transpar ent PGITES1007/006357
Al ternatively, the sem conductor structures can be
formed for individual cells and anchored onto a
protective sheet after separate formation. If |arge
sheets of materials are forned, these can be cut into
i ndividual cells with high precision to form sel ected

SO of HiBh 5 brifld BRI 2<2) TN sgsﬁgmuggafs Ak 2y have a

|re strutures s and

thickpess gmerﬁlb'rfeorp pb@éé@mn@omem un)r 268 npvranérm fusther embodiments

fr&ﬁ'joo}’.\ﬂnnﬁ» PRRRRITRRY i Birhet %bb&mﬁgaﬁ&ﬂtsd‘ hafo 150 nm. Front
surface. The individual cells are electrically

Passiyationdayss cer dorther fwnctian as pp aptifeleqtive coptingonhipsEseR 9f grdinary

skilnef eRf art SHllt@@A&%uQ:Vﬁﬁt ﬁxﬂﬂtﬁfnﬁl rdaBeebf Bi@nSsses within the explicit
encapsul ants and the |ike ¢ e used to conplete t

t he
rafefs @POVeHF censBRlatRAnd & % }“c © Prsed SHiclosHdu c?l?rs“rfa“’ of the

traﬁbﬁﬁént isGbstrafensih e t@durked pribOohé ddsitith Brodesde \Appeopriatedegrees
e s rem)veg1 or fra&tured at .a sel ect.e

|
of TG aF HEThE BPOBecth At i desufa. i agRgd, Sequgh the
pasdieative rtayeo aokl dirough =il ok a pmtnbxy oﬂ&pesmioeddmrtrdayer A rear surface

pa%x&aqggﬁ e? ?at.nr :ﬁé’(‘)b&t trogéeeq oV the s or%uﬁ:?or sﬁg

sem con I'S US ot ovol'taic
str dctasﬂrimonalndr ghernativiel gmbvdlm@itse athe thin ysheetywfusiicdnégermanium-

bafsﬁf %ﬁccr{qﬁc@?@ﬁ{ B ’traﬁsfﬁlgédaﬁsu%ag %l«ais l:lf)%EStSr ﬁ-‘étrﬁgcééﬁ??can be

t can enter t pan

pesf@mmd@ thearilicentfedl pepr toTrleasingathe layer o the wipasq layer. In some
en%aﬂﬁéi’ﬁé odqf)gswtah@n llé)&htan%{s tMﬁﬁF‘gS e?aéé%l' &9 tﬁkpﬂfbsklf}%ce after

current collectors. The surfaces of anel
degesilinnapd Propessingpr By PAERRHPNSIa¥T by pre%l@étusmehght reactive

deﬁ&ilﬁﬂﬂ T f oD SN NiRa MRk te @mSRUidpSed ﬁmg @ﬁitteafe&hm o the
cang{orow de el ectri cal connect. on he cel

r
"‘isf @*}fg ¥ eituringand pasgixation; Ipyer areplaced.op 3‘8 6%!?8??"\??‘1‘3?“&“
thé)iurﬁibecﬁﬂm ctackldab artraﬂfﬁaeernt albstrith o éXlanpld st arbiihesive or the

.do h he bu of t he sen conduct or, mat eri al
hkle.n 5? t llj%? Iqe Sgvet tg r‘ﬁé?ﬁefﬁﬁ% %eggcéod\ductor Elyer. The back
susfecm afmhmlsmtxmndcanr L) thlc:@d:wéesshd amo thetphpwvdiiggantlls. such

For TAYRRE PR crfioqhdtic K e RORRRlor Yo 1 iUGER WL ihkparen

substtsWith®r without gansfering dierssmiconduator withj @ geleats| layaro It can be
deSisfid @vshﬁ A entird mewe%mmm BT HEQ4Y Cfsaﬁétet iformity can

are thin to save material cost but not too thin since
pesfarmanss guitetia fon thy aodulen Jthe dndivigerd cells gan g puh Bemaiaige isheet to
seRctd@Sizécd anmount of light. Thus, in sone enbodi nents,

the silicon/ ger mani um based seni conduct or .can have an

aver@g ecef ‘Eﬁss%ut fiogmthendiget oncri the Gisited dikisiep it Gghematically

mappéed. OmBe cél3 canmse oefrtmﬁg Hﬁﬁhﬁmd feBgeTbIadObK otBerfhédh@iGal trethods.
inents, from abo

. about g] rons, . rI er n‘g ut 4
Mo ﬁ%a‘l A ‘7‘6g P‘GH%S BRGF °ra‘?:'1‘6‘f‘1“?36 g venience  especally
witgnthedieatetirhe deteamination bf beliriptacenent t (Snﬂbblutla@ﬁ cntting Gigstems are

o PuB 850 legrlhagie bl ML 1S,Ch B by S68%01D° oy
MAhYSa&x tted?mmrlawge@ea@mg at 30Y muh&sewplll as edherapmmamsxal sources.

Th¥CEIN &e %Qx?erﬁfye&? WithGhe Sli&H ¥het adhered to the transparent substrate. The

laser cutting approach may cut into the transparent substrate slightly without damaging
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In general, the assenbly of solar panels from
i ndi vidual solar cells is described further in U S
w@a102n06562 818, 819 to Moirizane et al., entitl edPCBUbBANT006357

Cell Module," U S. Patent 6,307,145 to Kataoka et al.,
entitled "Solar Cell Mdule," U S. Patent 6,362,021

and U.S. Patent 6, 420,643 both to Ford et al .,

entitled "Silicon Thin-Film Integrated Sol ar CeI I,

Modul e, and Met hods of Manuf act ur i ng the Sane," all

o4 Bl o o DSRROL AL BB ! LSS . 1
gevonbtthedaseoputting of @llqapeltse¢aln brapafamed |bng>r¢,r@et tor fbetween steps

cri al s described herein. In general,
re{h%ﬂ% PP d et i OJ\E/HS,IE s :

ormag talc nodule froma thin sheet of
si | i Wshtee Foaptrsunfaesabeundde (the sansparen)rsubsirate thgeback surfacef of the

sefmédms&& #a%xﬁ&em fhdiRdr pF . UpRA . nd Ok Rhd e s@Rinbfi&ily in

nodul e. The silicon/ ermanl um based sem conductor can

Fige Zepisk24-eddfhavn m%nb%%ﬂ%&%lﬁ; £68rare depgtedren @ transparent
substfdie 862. aR%fe'rﬂufgatongQS% |;ﬂ%&fvo@£1c tas édok&mp‘ﬁﬁe a front passivation

addi tional, passivation |a %é Qr maﬁ
layrs 9644 2 s ienndysieniay 1606 pa H?‘Ei‘l Paéfqutt?a anea%?r ‘é’ﬁde ghpwn with
nih¢ m@aﬂtemtcenu Asiiddalescan hage difefeny Minbens d)@hefovﬁﬂﬂc cells such as

Rl BT S S S BSOLEL Sy B, 1o

phgaveitat Icylls; 400 phatevaltaidicallkNEXO phetoavitdit gelfs; ommatxoud pefion of

RIS L . n n er ient s
orBBRYSHR, 653051, £0DE AR A DMERI TR R e of
PHS®VRlaic Gl nmodEle detwasashise gxpliit tuayters gamrohtemplad and are

xgHQ%Wt‘ﬂuﬁae?f&&Etdis%ﬁgdr@Ct ive coating. A person of

Inary s e art wll recognize that
addipiparigrlar apryeaches torsalas kelbdesign, glectrica contacts gpn be flgsigned to

hab@amnaprawnéﬁsef& %&tﬁwlcaﬁﬁets aﬁ‘ﬂe ae&nm bRt aﬁnpnse n-doped
pr esent disclosure. The surface of the transpar ent

regigps tor4aped degionseAndApPIRRERte TSPt EQJleptors- dEprotie thresigssing of thin
silRof E6ifSdesANbed Bpreind it@ahl BYEQREniGAt th @YHIY EleNGnAES to the back surface

bed b h
o raifetectndlie Rf oS n TS Ak FUTace AyRT- PRI SPIPlgh or the

forhdtioa rof@hbfbl%ltzﬁ@ célfs ik Hescﬁﬁ& 6athdti i edpehdidg U.S.APdté@R fapplication

rfac n_.al so,be med e e .
sefll e 87202/ Qe 3 bl G w5 e o KRORR 08w 2007 ntitied
"Pbubwtame@bli Stttuhmrdsh Solas Rewdls add Coirespondige Prenessesih arwotporated

%g&teor can be transferred using a rel ease
ayer

one processing can be performed onto the
silicon foil prior to releasing the layer fromthe

Di5fthP@ienilsaNe bthérnng,%d@m 4 FERS Fréin REARLNAI? Foils
ayer .and/or textur aced on the top surtface ..
af t éfﬂmuwgqn@}"aﬁr sieees mé%g gpreggile Tyhstrayg £ %lfqraﬁtwragfévrcmts

foc Aphes AP A&l t £ ottt Nbkefrafdl ciFQRC btn}GureE POBhd isPidor/ um
PVD or the |ike. Texture can be agpl i ed. usi ng_sput

SEBICRTP o tO1IE HE@™| P urtheR gOgIsed; with uphof]ithgegephic techniques and
opﬁamuy\mﬂgamtlh athef p&teenifg apbachss §uth ascpaihﬁ@sype tt&@hnologies. In

f b t
pafhlef e PR FeB e R i 20 @D guOr (TRH) SaFTopB: can be
forfitednhat iceused Ifercthe fdrapion cfradred ﬂédeesdjnstpmyrakzﬁ:es e the

Seme %Qrgelﬂgl,t ffin lsﬁ%@&/ger&%iu%ﬁﬁed semiconductor sheets can be deposited

onto a permanent substrate or over a release layer on a temporary substrate. The sheet can
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surface of the sem conductor can then be processed
into the photovoltaic cells. In these various
wepdododsent s, a sem conduct or sheet is anchor eRCT/USA07/006357
transparent substrate with or without transferring the
sem conductor with a release |layer. It can be
desirable to forman entire nodule froma single |arge
sheet to facilitate uniformty can perfornance
criteria for the nodul e. The individual cells can be
b Blieeh MoAR A ARl e Sifer SRS B cRLCSIn NG EfbAGments, the
e cut om the shee red drvisran
sikeonégermaniwmin| spmiegnductors ae beghingerg gechbes bavingus |snlgmaron average
th@kﬂéEQnEi‘hSQL&‘ﬁla’E’ibﬁg?ﬂﬂ{ fith Befsidths %ﬂegﬁ&mm ¢ techniques from

However, aval l [aser cuttl rovi

afhmswqueeﬂoaﬁh%m@ﬁ@ml@spe +Saﬂ’mynw 787.§ éoﬁ@mazakl etal,
eritit16® 'GRIREIHIBAbE OhiPf Fifif ! dndP MGRSE ¥ - MaHhhablife | 8BS ®Same and

cutting systens are available from Oxford Lasers
Sqmygondugigr rlP%vce frd Mgthod ofd Mapufapigng e sSams and U.S. Patent

7,04, 902040 %Meﬁt\(ﬁéde’@édﬁmd)@ﬁzﬁf Beﬂ@@&@d Mighodtt foil Nfa8ufacturing

s .ot her commer.ci al rces. The cells are
thag?ﬁ'a?’aPm@ °<fl)‘ﬁ‘%?’ﬁ“’t°ﬂ‘é’°§aft?c{}l%"ﬁ“ §¥1 trefhered to the
t r arWphkespect 3o patertinhg, . dopiit chribeintro diided Bg tharpgur A3€ hresifPalong the

t 'ntothetrans rent substr esll | i t hout
s oo B PR AR R SRR aoPear i enlpip Bed 2 lasr
baserh ot satilar Migpartt xirive-in.t Snreadiodiments of paregulat interést, the dopant is

, t J . e
de%g O?Amead&(gﬁf'ore a[”rC E“ I or hb&} \Age:rq%g%llg%%%?ig?ga? i ‘r‘%‘é“sf%a’ nkjet.
Inkisptesefutién oves lyenareas is prasently repdilyfaveilable ar 3080 890 dpid which is
adeQuad o pirds 186 851208 Lﬂ%ﬁ HAES with 'nh@ ko ps Y6 1B L la%’@rescribed

sem conductor 1 s_exposed for furtherﬂprocessn ng.

hodgsy (flpuriakipisrestierign 1§ chrtirinectalimprave. Aiwgsinkpgengradly zan be used,

wrﬁﬁoﬁ‘iﬁw@rovﬂilﬁ?n@w&}ﬁﬂltﬁ 3héh &?hbﬁ)h@ﬁ)gs ahBor LRI rdMe Second
t ranspar ent substra S)z Referring to Fig. 24,

inf, ﬁB’t" P-5ype doppts GRSy plumingm ansfer 23URE. 4t i on

| ay dh gbfefal, anysRa3ohatble it &h beay&d theoie c@%&@leaofbﬂﬁkermg the desired
t ni ne

assivation | a r§§6 e sho
aBR Rt S itne Bhised SicnmiHoE FARP R PRSAGHPRS g, oron containing
hqmdxhan deafepmiati.on Ipbmcﬁlar; ah itsz]e ks Bad 8orkpriep fov \eRhrhplie Ctrioctyl
hot ovo] t a

cell otovolta cel | .50.. .
s, BeRRRNE 4R I8 s lvenl An 9 BROFRIRE eRefor Boricetia in
etlpm@teogbrb@lammd/me ka®yle11@®ycpﬂlpt bv sdrhai anteeimhents, cinksrdeaded with
. . n .
1n<$;ﬁ%?5 g%‘ﬁcg% (§|Ql§ iﬂg %a éélt§+( éro#/fgf, Qﬁfd%a&tﬁ%meﬂ'ér e%&glﬁ&g, {hé qnorgamc
pagirdasosAn| eamprise eddped jsilica. nBapfdesiliea glasses thawe deerk phadciot deliver
dophHtd %,spm@vo@@iet&rm hahe %h@t@ﬂth@%x‘%pﬁé b ebdel.y Tife il %fmé with

gfsent di sclosure. In particular_ approaches to sol ar
dog

Partigles gAn Pravide FW"@&P“@BWF&“& %PP%%‘“B%%?%%PPF‘@C“CS with
thbadandpésioFitet plitmgment s for el ectri cal contacts. The

el e al ts C nprls n- doped |ons op

r egﬁ%ﬂ?ﬁg Siiga Zg’gﬁfgﬁﬁt‘ﬁ gb’n‘fa“ctgﬁ H'F“ ?‘ﬁ@ based or
sofution dasidngppedachdsi nlvmhbdsm availabke fdeswm@ﬁdxghma@mﬂc pmhcles in
cogns %f?%ﬁ c%u%rrl]t\lltlecrs”v?' ﬁ1 hlgg argignlyltyt Qsemgc %Eht%%gesd tyqoltysw/laser pyrolysis in

which light from an intense electromagnetic radiation source drives the reaction to form the

particles. Laser pyrolysis is useful in the formation of particles that are highly uniform in
" composition, crystallinity and size. Furthermore, inorganic particles can be effectively
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to facilitate handling of the foils. Efficient back
surface processing approaches for the formati on of
w@bevowsht aic cells is described further in copents1ng7/006357
U S. Patent application serial nunber 60/902,006 to
Heslmair et al., filed on February 16, 2007, entitled
"Photovoltaic Cell Structures, Solar Panels and
Correspondi ng Processes,"” incorporated herein by
reference. Display Grcuits and O her Integrated

fenbg Ufok %xftﬁﬁlgeg ihg %B:nsgg? %gﬁdllﬂgtt REuifsOhn! Sartiélbdthat have desirable

sem conduct or s eets ¢ a versatile substrate for
surfase PEARSEHiES dhatokad ite dight dispansibiditys prdhjeady dnegapqratipn into desired

stfchits, it Rgh FRE sEhrcfUb pastididsClatd rb%%sedThgopm s1l%ca pmﬁlcls formed

si |'i con/ germani um sem conduct or ls can_b

by lsEeREsinntYe e dstaibed &F‘é‘ﬁ'h}ncutse ERENRREY- 3B to Home et al,
erftitled COtichyMateRNgand (D;Ehc@l Déviced amcsﬂpefa&a heRpl Baehtmes U c h

a nting type nol oqi e artclar a. sh

o7 Phael Dontd Py s otgsh. feneraliy 1574 4R IR ERes chomistry to
btg EEE&rsﬂi at IBi’(’bf HGr,atdeC&fhgh&rhathﬁsﬁEd‘hé g;ﬁbllftﬁll’bf Ltﬁl.etd:lef dispér§ions can be

or 0 reduced.thic i ces.
iy i Ry, SBPen ity ot BT e HRmud SUie fitcgon of the
patided. singgenerblp ttubeqnd‘ac& wdpernmofahppmnansmﬂumnbshe dispergon of the
a I e t pat h

o0k ® Fi SRRG oRURIUAToP e TRENA! KeRHIR fefig oMb synthesis
appreashias wellrascthe pest. syhthesis processingdi Snawet surface ectwe agents, such as
m§h>l ﬁ; ﬁ?(aﬂ@fiwﬁﬁbﬂk‘h%%ﬂ‘b%%‘iﬂ%ge tﬁl‘ gﬁ‘%ﬁ%hé ;%hhé 'éi?&urfa%&c R some

aving a submw<cron aver ness ormat 1 on

elelrodt"m:ms fcielslmbth? areprdiep aze olfpined Brened the wegyphpenfase modification

a%eﬁ@hﬂét%@ﬁlcﬁﬂjpﬁblﬁi fothe paﬁmecsqﬂa&ct Sitable st tase ﬂs&%&ada%gents
urther in U'S. Patent 787,806 to Yamazaki al .

inglyde.tfprerampleyialkoxyrilanesy “"‘rﬁhthF‘F‘ICﬁ%ah%F‘q\)Qt’ﬁﬁa‘ ‘B‘Fde and metalloid
o racIts thi g hbH@ S d 2 Ml parB MG a{uﬂt&ygrangemm&tamd)onds with

Met.hod of cturin he_Sane and U. S. Patent
pajtiglg surdgess. {V% g?é 250P gfe'ﬁi‘ﬁ isilgngfnilpgnces the ‘Gﬁb‘t“i“@aﬂ“l’em@‘ of the

sﬁwmedﬂmip&mbbﬂd for Manufacturing the Sane,"” both of
nce.

10 o B BBSERERER 5 BT ol SHEERTS v can e
inthded Efuieﬁlmle sxmh%snaioatbgnbhéieesh swfactahtsaweahel dikai Dopamrinks for

dt%%rg &ér[rlgoas e%b%?arg fi@rr{c}'lgéc? glgglgﬁﬁn%)lp@ﬁ&& Ex%@{s:o%\élegatgnq %gl’ncatlon

segiph atiinhen ©9/838,2pArt i Hidlsmain filesk ont Januare 3o@edit, engitled "Doped
Désérgluﬁsr &l mc&s&%@ﬁbpmg rsremhaagdw& Sublbtr &8, /CiABor6rated herein by

di spensed using an industrial inkjet. |nkJet
refEdSEut i on over | arge areas is presently readily

avaiA gl & tdg &Q%ﬂ@@l b 4 Bo s
attern 18&;%0280 itch | |atr11é)\ghvm t Igbgrllgsgﬁ%g droes@etﬁoto remove

SO "d‘méra“fyl‘?é ofhgt prganics | 6etamrﬁ>‘rne‘§lth mt@skwmﬁ lets %rse mj¢rep gan be
left ifothBélMﬂth diyetif p’rd’@iso \Buring\Wee driMesin Itéﬁ ahéliéposita dopant element

one nk ro e nt ch a
o Ui b e SR B B fr? aficd FEo€chEm ) TR SR can e
pepfooediwitly hgating i adopanttosa,ccelmﬂe sakd htafeamffusadm rmiummﬂ dnve-m of

SRR Sy AR R ARk SRIRER 1o it

deep dopant structure generally is obtamed to obtain a d&slred overall dopmg level.
However, in some embodiments, a laser drive-in is performed, for example, with a

UV laser, such as an excimer laser. Excimer laser pulses of 10 to 1000 ns can result in
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dopant atons to the exposed silicon. For exanple,

phosphorous or boron containing |iquids can be
waleposodserd. I n particular, suitable inks can cPOPUS®E7/006357

for exanple, trioctyl phosphate, phosphoric acid in

et hyl ene gl ycol and/or propyl ene glycol or boric acid

in ethylene glycol and/or propylene glycol. In sone

enbodi ments, inks |oaded with inorganic particles can

be deposited to provide the dopants. For exanple, the

meRE SRS AN thhpdrattres 2R L AP f1h§(?°cdt%%9m§ bb26® sotm €Bopants in
tS|I|ca gl asses have been used to deliver dopants for

diffuse capidly igte;theymekest silicans bt sarradly shiffise yepslittle past
th-Eh@elté&%ﬂQfm | Thss, wh bpproGRAIPSRED- We%p&ﬁ@rdﬂl@w@e achieved with

S|n1lar fornan as t.he photolithogra
3353 BOReRBERtanT ROTIHY HEGRRG 4TS ratrrika] Sy Agtionall, the

bildk pEdhe billicarn ;al@é‘rl ﬁhdZIbwigﬁ tdyess| rleﬁxa@uea't arraiehxséarﬁ‘mmb@oﬁ:o&ﬁipdamre
rom.ej t.he ow ed, or. sol ut e
Thisy Ao U dors) S ATRE" PR forT HUCH SRS GF BRIt Crckness fom

alpait 00 alre® abouc tbmemcilalsomel ambodlmstswﬁma bhajlow profile, the dopant
P8¢ R sl S oo QLB BY UL HS1aR LRRE scRMU:RNER) o

Fon an' Rrens e’ & ec?rona net
ahoald i16@ |nmnofétbg isemicdndugtns sttfacer cHut dapantt erﬁbrqmtbheneasured using

sa%ha;;&hs.? M&s@?‘sﬁEcMe@yy@hﬁF) uéagwé aienelé,n&t&%%%g,a@n along

particles at are’hi ormin conpos
Wéhymtmrmg At phergiehing tzvéampflg tﬁ@ﬁmﬂls ﬁn@rtgamr’éace Excxmer laser

fR&ictd & ﬁ:%u@@% bemekdrecid ?{seﬁtﬂgeclfrqeﬁﬂcﬁlo For @B Pulsk St Gitable
| aser Ey%ﬂg,SIS that results in particles that "have

PHREsteRs ¥ SOLCPFBIPFLi es that |ead to high

di spsdifid Bbpant Mk dy 1xa6 Yittle i€ iyPREAhE Hfer| drfve-ikl EDbpAE inks using
struct ur

altho h ot urces of . partjcles can
ORI BS0 S TFELS J5F EIprea Ep Dy HEoBeR BB Horas Agve-in
Résidial 560 ankd S6hE hﬁﬂuﬁmt&ﬁrbd fbnhvad xﬂ&t entHIG eA9, Bkl Besulting
to ne ent |
sl BUGof ShRE B it SR R By PR B U R aiRapE P Banductr
ddmaimed by | aser pyrolysis generally have appropriate

surf ag n&{l{f 'iQrYS sréfaﬂtbg bl%gb‘q‘:’ %9&%?? g%@ ?{%F gl &t These structures

concen sper si
caparbebformepr usingl eqnvhitipnel semmednqt@rt |d9m§1t®ﬂ1 marm esuch as

pﬁo%lﬁh{%?aﬁl?hiéﬁg %lgt'aﬁélgﬁr%e %Ese{i EotnI a?)%ﬁﬁfhé Nuch as CVD,

ener ce properties of e pa

PYR paibrtbe likge o‘f%é‘ff%qfen spip-optgdaspesr basetlean siliatesy silenapes or

meééa%s&ﬁ@%r@éoxﬁa&cmy bl dilaBR EHR EliAtloNics GRENTh RheldMbodiments,
synt hesi s, approach as wel | as _.the post synthesis

eﬂv%'eggtph@k SoRe use foleRosicTemiRong Bl PR R ccustpehthalscapk processed
mEiJ£1f1&ﬁi/@9ﬁ1§muﬁicﬁaséd"|§dﬂug3hdﬁ&6r BoOpete Temi B AACIIpRRS. WolyBilanes

the particle es n,so odi ment desjrabl e
capy e 036 e oy Bt AR Rone! PR Ol e HIBEst o ih nipderate heat
treapderfts mtdecmmmge fite thé abmmhsdﬂcnﬂg Imt&rmd lirpréved functional inks
articl urf Su1 ur f ac i cati
oofebfe e oo B, P, ofieted il T, et By ar
ddsonitgedt furtiret aﬂ cogmdmgahlds nmtaitl apipticasiondeeriph miyinbére §0/901,786 to
n | i " i ..
DpAFRSR: O 5l Ry, 8007 it ABLALA S W] rcarins
Therendy) ieforpdyated herginebyi rnfelr@sﬁc @hesetfunqtiona}|inksggn be deposited using

axﬂ'rr@&%ﬁﬁﬂlg ﬁrn?tfmgt ztb%roaches, such as ink jet printing. Printing approaches can be
fast and less expensive approaches in comparison with photolithography and related
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surface nodified particles. To formthe inks fromthe
i norgani c particle dispersions, other additives can be

w0 paeso2 | f desired, such as viscosity nodi fiBCEPS2007/006357
surfactants or the |ike. Dopant inks for doping
sem conductors are described further in copending
provi si onal patent application serial nunber
60/878,239 to Helsmair filed on January 3, 2007,
entitled "Doped D spersions and Processes for Doping

de%%gi'uGlQ %Eﬁ)taa{ess\upﬁé Eﬁhﬁﬁg cad AEMERD ﬁ@t‘l@t%eh%gfuﬂmpmsmg existing

reference. After depositing the dopant inks,
teghnolegythatds grregtedte frrthanimpaoves etfse, cshqse MO%I%@S be used to

formdéeicatidior QEraties susm@ towefl téhpctatitel ProdedsibigCHHAR Sondntional
| ess, than a _m cron be left for the dop ant drive-in

PIOFEEing aPPreRhen g The g eletse Aayefsrf@n&saslg?tﬁ%@ be compatible
wilh BN turEle@peraturéssfoelie @ i nto the silicon to forma

d th | The d . b ) )
P By PTGt Sl e Bl ke Al eeeegpivg display

' fosteaqba@endldrfanairm dls'ﬂlr@r forl vadibisy eses.n Riotalitiugriphy gethaiquks Yor the

o 1P R R AR08 P s

t0| Qowtﬂ a¢m1e1ddt'M¢§b¢<h|0iﬁ Mandaityrag @ VvEmasdistordo plcngoom«ub Ih¢rein by
el in some enbodinents, a |aser drive-inis

per orrred for exanple, with a UV |l aser, such as an

exci mer Iaser. Exci mer | aser pulses of 10 to 1000 ns

can result innelting of sitAg@pgat tenperatures

exceedi ng 1400 OC to depths of 20 to 80 nm Dopants in

t he B\l expapleithe fpsmatiompliz yelatively dense siljicor ghest |overop release
labéHis 8&p8Heal | y diffuse very little past the nelted

siligon. Thus, an xi mately step-w_.se dopant

pr of Thege E’éﬂ‘?"ﬂ’é’"’éé’fﬁrgsgg"m An a%m e YRR o4he Bpparatus shown
in[FEgsS i8bl Oyhdv@kCa wtgighﬁmh i et sits adniaerea G dib tHel thy of the reactlon

ot « Bt S g prubas aiperies PSPt BeeraRaens Fur avay
vidl usf, reactimaahahﬂoed 0p® dh@oing acitagea0d eointedddlont tie seactant inlet
no hl%u own 1 Flgwbg h S&a%gclgg S5k rta%t% ﬁucglﬁl%tztg? gps}mcc from the

out 1 "8 51re
mqbstcxaftq: toethetOhetedobaxnthgpt béairi earﬂmahtstédel&wmbunn €520 mm. The
o 3
light 883 E&@P&haﬂfbe} '?8? ﬁgﬂggﬂsog% C}v hee %:?mo‘aﬁ%bg%rg ?1gh%htlébe 710.

W thin out 00 nmo Bn duct or sur
Ap Gplarhehtpww 712 resgives therheam afler trarsiigpioebnngh e chamber. Stage
70¥B25n 2006 lah QBB LY mhﬁhmmérpaﬁmwmo%;&agh eLeaBPbH 714.

corrp03|t|on alontg sputterin or ot her etchln to
sanph ESRIFAE KiewRT Strgp 7R3 i %hewem@gs 2%-f arge 78X ewrmses a stainless

stéaASsappdrt l{bﬁiﬁﬁ)ﬁﬁ 150 @ggldﬁ b@ro715r|n&i&nﬂeaféi’r72@ Afdufted U4l B8R support
ns Se

i table
oo o i B55P, A s e DR P GE QBB pisater 722 has a
wafakshapmyplhtﬁa‘nenm atrﬁllegsﬁ%anysllroes ischseraref 7128 ris hisld we tHenop surface
nt Si d SI arg, .
°ﬁ£§)ﬁ3 e dtrl#ﬁ?gg sUr %cpé’ St? 4 as‘gbstrgjzgpan?de%%mnét-ef ﬁ& inches.
ResiRuralg ®eGlepnsitiso peocessptirei bares nitside heatee keptettie \subdtrate at a

‘teﬂlBeljﬁﬁrggpgbouIQSO k@S uﬂ'v% B&giting runs were performed. The first coating run

deposited a silicon rich nitride release layer and the second run deposited crystalline

silicon.
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sem conduct or sheet has doped domai ns separated by
poorly conducting sem conductor domai ns.

Addi ti onal

wo agpenessean be built up over the seni conduct or PGITER1007/006357

These structures can be forned using conventiona

sem conduct or deposition processes,

such

as

phot ol i t hography wi th photoresist and surface based

deposition ap
Furt her nor e,

vl PaREe fin

pr oaches,

such as CVvD, PVD and the |ike.

spi n-on- gl asses based on silicates

SRR

roni cs,

t%m%g sone

gcllﬁ%%r 2 n%as§$ at a rate

speeifiied on dlableol- i"ﬁlll@SYQQlﬁplbeOnﬂlSimStfgr thepproftection of the release layer
Q@Lteg gﬁe processed into

i B o P R et

W t h dopants.
functi onal

tor I n

pure form or

Pol ysi | anes can be used to formthese

inks that can kegiegessed through noderate

heat treatnments to deconpose into the sem conducting

material. Inp
nol ecul ar wei
crosslinki ng

Pat ent applic
Di oumauv et a
"Functi onal

i ncor por at ed

i nks can be d
appr oaches, s
approaches ca
i n conparison

roved functi onal

i nks conpri

si ng high

TLpalFysEagS i Th e deg

ees of

S PiEH vmfr)u r

I.IICI OI bUlJ
mher 60 Qﬂ1 i

bndi ng U. S.
B6 t O

QﬂP?ﬁF$%%r

uary %%, 20

)7, entitled

nksStm(féP%ﬁéb@'V%e@at [

ons0thatre of

ereMﬁmnw(k&merer

ce. hubese T

inct i onal

pUblAﬁ%ﬁ&ﬁﬂﬁlg at

h_be '?Stésccg?ld | es

y 1 cc_l-,eo)llam

e printing

eL—pL+nLLn§r_Em+nting
S _expensi vel approaches

wiPentesipnciireg (minh o g

raphy and

rel at eddeposi tion approaches whiTe printing can

achi eye erate r | ution u3|ng exi.stin echnol og

E harAtE B8 JekeButon o} 1 IS 19 B0 Jral e, ociagd was-deposiced

adcourdixigi to misd conti®ncmTdbie 21sed t o f orm sem conduct or
structures using lower te 62%%re processi ng t han
conventional processing aﬁgﬂ The substrates and
rel ease | ayers can be selected to be conpatible W th

the cure tenp Swdr gpbhc koo eS| ay
incorporatingithe thin rilmtdansistors chn be a
smal |, i nexpehsP¥E EFEBIE(°Po e- pdPer, of a Iarger

di splay for vjppibsats Temremture#otol i t B&yr aphy t echni ques
for the forma Isﬁgﬂbaﬁhiﬁmhpr dlsplmy app| i cations are
descri bed f urpttet Patgnt—653097HL to Powel |,
entitled "N@thod—égg%éﬁﬁgéchw+ng~é§§Lans stor,"

i ncor por at ed herei “Péf er ence. MPLE| In this
exanpl e, the [ oPmatiiesTirggf(mip) r ¢| ati vély dehse silicon

sheet over a release Tayer is described. These

XIS B BT SCE O e SRR R e it
graymtaclg boating Gierass tie suefacd afithe veded VElieedlidanosoldrheast similaf to the
expeceteJ 80318} bPlemental silicon. The coating had a thickness of roughly 50 microns
with a porasity of about 50%, as measured by scanning electron microscopy (SEM). It
was observed that static electricity was sufficient to rupture the release layer in this
embodiment. A photomicrograph of the top surface of the resulting silicon foil on the
substrate is shown in Fig. 29. Fig. 30 shows the edge where a portion of the silicon foil

separated from the release layer and fractured. Remnants of the release layer can be seen
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chanber. Wth respect to the particul ar apparatus used
for the experinents, a cut-away view of reaction
we b@amhersoZ00 showi ng a stage 702 nount ed bel oweT18S2007/006357
reactant inlet nozzle 704 is shown in Fig. 27. Stage
702 is adjustable such that the distance fromthe
substrate to the center of the |ight beam can be
adj usted between 1 mmto 20 mm The |ight beam can
enter chanber 700 through opening 706 in nount 708 on
oA tHEibdtdee suidde. Ak, @)f'sflo»lré Q%&%%f?ﬂ@&ﬁ&ﬁﬁfoﬁ%@p&&@d ﬁom the

beam after transmssion through the chanber.

subsiEte c Fig. 38 saﬁwaél!wtdswdarqﬁ tb«h §9gre¢rtt af &g h'%lnm!h ﬂwoleshter color
cdrbspOHAlhga theMnaito bf thé #deasélag@par at e VI eW of st age

702 is sho in Fig. 28. Stage, 702 conp
stai Ht ee%%b@@%nts %‘??ﬁfﬁé%etm‘ﬁPdcﬂdfg‘?) Pml*rziaatwetaﬁ aotdma‘ng Additional
ctﬁlindd‘uhé&s Bk ithin fRS clamisntie dd@iﬁo% Mmsmglmé pregémtiivdntion has been
S..obt al

tride heat
S Tl o PIB L TGN <his SIS it 6 A Y fecognize
thahchahm&aﬂ Bémade #1 foira and dethis vithd dégdtingsfrbalthe qn-nttdne scope of

surfa m 724 wi th knobs 730 an
38y <Rl 285y, Pcofp BioR Y st drdlo SRl it BLfmRE TRy et no
subjeet nletparss inconporataitbads canlrerylro tierexplitit diskdosneshereink e pt
the substrate at a tenperature of about 800 0C. Two
coating runs were performed. The first coating run
deposited a silicon rich nitride release |ayer and the
second run deposited crystalline silicon.During a run,
the stage was noved past the nozzle 1 cycle or 2
passes at a rate specified in Table 1. The reaction
conditions for the production of the rel ease |ayer
coating by light reactive deposition are presented in
Table 1. TABLE 1 After the deposition of the rel ease
| ayer, a crystalline silicon | ayer was deposited
according to the conditions in Table 2. TABLE 2
Fol | owi ng conpl etion of a coating run, the substrate
appeared to have a uniform gray/black coating across
the surface of the wafer. The silicon col or was
simlar to the expected color of elenental silicon.
The coating had a thickness of roughly 50 mcrons with
a porosity of about 50% as neasured by scanni ng
el ectron mcroscopy (SEM. It was observed that static
electricity was sufficient to rupture the rel ease
| ayer in this enbodi nent. A photom crograph of the top
surface of the resulting silicon foil on the substrate
is showmn in Fig. 29. Fig. 30 shows the edge where a
portion of the silicon foil separated fromthe rel ease
| ayer and fractured. Remmants of the rel ease | ayer can
be seenon the substrate surface. Fig. 3 1 shows a
fragnent of the silicon foil separated fromthe
substrate. Fig. 32 shows the underside of the fragnent
of Fig. 31 wth the lighter color

73



corresponding to the remmants of the rel ease | ayer.

The enbodi nents above are intended to be illustrative
wa@ana7nadsod i m ting. Additional enbodi ments are ®CT/HEW07/006357

the clains. In addition, although the present

i nvention has been described with reference to

particul ar enbodi nents, those skilled in the art wll

recogni ze that changes can be made in form and detail

wi t hout departing fromthe spirit and scope of the

i nvention. Any incorporation by reference of docunents
AP K& ditied s t €d such that no subject matter is

I ncorporated that is contrary to the explicit

di scl osure herein.Wat is clainmed is: 1. A sheet

1 CONDA| s‘ﬁb&%ﬁﬁ%%@ k<R élﬁ&ﬂ ngenggﬂlﬂiﬂnél“éﬁn &!rﬂnhg C%‘ﬁlcon nitride,

carbide, silicon nitride materi al s t her eof

doped gpateriple thesso fpnallays ﬁwrea\f élp‘ag& ap [gvemRgR duckaesnef m) F@re than
abdueMOPRSFbns1dAd a B i e26¥cht RoaStbbROD0 @&@@e &dntittetdre aHerein the

about_900 square centipeters, wherein sheet is

sherbls fise 9 alpngnepeoivEtacy Mhile Bepp Fiieasthly ?rgmrdewe%@%we along
tHe@ppekite Guiacgubst rat e al ong t he opposite surface. 2.

The sheet of claim 1l wherein the sheet conprises °
crystalline silicon. 3. The sheet of claim2 wherein

2t he Thedieetl dfictadémdiwherain theshem lcyapryses atystalime silicomlhe

sheet of claim 1 wherein the sheet has an average

t hi ckness from about 20 nmto about 50 microns. 5. The
3sheeThasheet| oficlaim 2whkerein thetdnystallingsiliden ds polwirpttaltine
deviation in thickness across the substrate of |ess

than about 5 mcrons with a 1 centineter edge

4.exc| The shaet of clapnd wherein thyf sheptdiapran avgnegedhigkpdse fromeabout 20 nm
tda“bogtgd@@m%gr ucture. 7. The sheet  of claim1l wherein

the sheet is releasably bound to a substrate with
adhesive. 8. The sheet of claimlwherein the sheet has

5.2 M Ty dhbedt d}‘%[afirhelrwﬁér&fxldﬁé $heet RO St BAn@drd abvibiRASh 18B&IeLs across
m cron The sheet of _cl al m 1 wherein the

theavtrsrréﬁ@fﬁﬁ% thag byt Spicenms Mt al |‘159m8?t°5?dgr3§é%"t‘s‘%'bout 5

cn/Vs. 10. A nethod of fornming a separable inorganic

G ol TSR AR | SETRD Ber s VR SO Rior gani ¢

under |l ayer on a substrate V\herel n the under | ayer

- pMmat epy i L.ubl.e I .
T Sk of P B ' LB 8l vt wi
adhesiven 10 wherein the I nor gani c materi al conpri ses
crystalline silicon, germanium silicon carbide,

silicon nitride, doped materials thereof or alloys
8.t her Eiigfsheet 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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12. The nmethod of claim 10 wherein the underl ayer
material is soluble in an aqueous liquid while the
w0 p@rgessdz material is insoluble in the agqueouBCT/UINT006357

13. The method of claim 10 wherein the underl ayer

material is soluble in an organic liquid while the
inorganic material is insoluble in the organic |iquid.

14. A nmethod for form ng a separabl e inorganic |ayer,

the net hod conprising depositing an inorganic materia

10VerTRNmddar e¥iaim ot @Bé:@in !P’@Vﬁx&%aﬁc Rﬂit&%t%nﬁfns&t crystalline
| east about 40_percent. . The nethod of claim1l

siligagy GEFMANEN; ﬁ‘&%ﬁ?’«?‘qeaﬁ@@% SiFe. sdaped j materials th"'fe°f or alloys
theepBNni um silicon carbide, doped materials thereof or

all oys thereof. 16. The nmethod of claim 15 wherein the

underl ayer material conprises silicon oxide, silicon

120i t rTtgemethod of clain 1o>om'rdiﬁ 'tl'ié&mdéﬂayeﬁnﬁtchhﬂai& 46 ?ble i? an aqueous
n 0 a I rst

I t d I
PR e B i PR Bl v BRRS "o o

nore than about 100 n1crons the patterned islands

ei | ocat f as
13?m t glgnea & g fﬁ]u g L ee(xsem nngFrg dyer m ﬁglag Fu%li m an organic
ligugchphilsths lmrzmmp@nelns usqbbhmaﬂe onganic llcmhdaase | ayer. -
18. The structure of claim 17 wherein the first

i norganic material conprises silicon, germani um
145 | jA& ometbad bior cformivged separable aingrgamier laper, dhe anéthyds comprising
detpbﬁﬁﬁ‘é’&n m1>9ganmﬁat%ﬁ£l%“£r?u&ferl§iléi“nﬂﬂtéﬂal ‘ﬂ@«ﬁﬁﬁh Boldif of at least
second inorganic material conprises silica glass. .
abaut A4 PRESFYf-or forming a |ight receiving structure
conpr|5|ng dep05|t|ng a sem conductor nmaterial onto a

ext a tran arent substrate.?21. The

1570t H ﬂs'%f 3‘? ‘?H“‘Zb 4RLFEP RS margapis fayss camprises plipn, ggmanium,
silioneaibides degedi maergastheregf @aioyshBeredfie net hod of claim

20 wherein deposition conprises directing a reactive

fl ow havi ng product conpositions formed fromthe
16: eacltheonetbéd af cleac1$ whefeimthe udderlafbrematetificd mpkises! slicon oxide,

Jon is driven by absorption of
Sﬂ%% Wﬁgh{‘snﬁ%‘% Jn&ﬁ'l%cf of claim 20 wherein the
sen1conductor mat eri al conprises silicon or doped

73I | '1@ QtPuctlﬁ"éar \?gﬂﬁﬁ% Q herlfty fo? Me?t%dqilﬁ&fs%tfg ﬁr?tj % 3ni8 fmaten'al

a sel ect an n aver age ness of no
withahaverggthickuesapEromere thppabaut hemicsensy theinatjeraed p!angs being

loditddPbt) e8p 6118 Qhyed F W &LoNindrganRURStkfifll Whdr&in ftﬁé 8edoh® inorganic
islands with the sel ected area, wherein the sheet

m3iefial cmpESes atranspazgnt Sybstrath GF Elfase ukrer i al .

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 deposumg a

semiconductor material onto a textured surface of a transparent substrate.
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26. A photovol taic nodul e conprising discrete islands
formed by the nethod of claim25 wherein the discrete

WO gtoanasoronpri se crystalline silicon, crystalPCTEsS2007/006357
germani um or crystalline alloys thereof and wherein
the substrate conprises a transparent inorganic glass.
27. A display conprising a control elenent and a
plurality of light emtting elenents with |ight
em ssion of each el enment being under the control of

21 he e?wo]l%‘&glb? gk @E}?ﬁﬂm v&t'llé?eu? B'Etatgéeﬁ(%pa%rﬁ m&a&%ﬁ{lph és% ifforganic

she I con/ ger mani um sem conduct o avi ng

glass- aver age thickness of no nore than about 100 microns
wherein the sheet is patterned with transistors
operably interfagiqﬂ)mﬁth.the sheet. . o .

22. The method of claim 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.
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