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*166166* 1 THI N SI LI CON OR GERVANI UM SHEETS AND
PHOTOVOLTAI CS FORVMED FROM THI N SHEETS 5 CROSS

REFERENCE TO RELATED APPLI CATI ONS The applicati

clainms priority to copending U.S. PrOV|S|onaI #I@g“”’mmmmmm
Application serial nunber 60/782, 115, fi

13, 2006 to Hieslmair et al., entitled "Th|n SlIlCOW““

or GErnanlun1Sheets and Phot&voltalcs For ned From

Thin Sheets," incorporated herein by 10 reference.
BEY SIEECONEORNGERYFANUM & HER B aNIh PEEDEOS:OL BATGS FORMED

sheets, which nmay be f - el enent al
silicon, 15 eIenentaﬁﬁggpﬁgﬁ&gﬁﬁg%F?gys t her eof
silicon carbide or doped materials thereof having a
| arge surface area. The invention further relates to
nmet hods for formng free standing sheets with |arge

CROSSRE I RARCE' 16 REYAHEONPIOR L FIGREs 10

structures 1 ncorporating
silicon, elenental germanium alloys thereof, silicon

ar bi de .or ggged . materials thereof and in gartlcular
Tﬁ%&%% PPRCEINE IPFSTIRAE APRBARE 6 SnProvisiend Paent Application serial

nqu lg:ﬁﬂéld'-:on &ME‘W WO@% YOS}tH%lsl a!ill:eetsdl I‘ft?ﬂaél "Thin Silicon or

extensively Used in the production of integ
G@mm¢m§heﬁ® end Bestevoliped Faataddinsm Tiigy lSth:iE I'tiycospdrated Rerein by
‘e §I%%ed Ger mani um has been suggested as an
ATf'%hative 25 to silicon as an i norganic
sen1conductor for integrated circuits. Wth respect to
ommercial silicon for sem conductor applications,

FII%%Q%?HE}B\WEB‘ITIQ%M s of silicon generally are
grown, which are sliced to formwafers. |ndividua
wafers are used for integrated circuit production

Thesinmgntjzinotetdtést fmoglﬁlﬁbhe}étsf;lﬁdutm endyl heefrad @R@dMlot Bf elemental silicon,
sui table de os tio proaches such as chenica

61%% SSEPELY ov& efﬁﬂgﬁ teap cg@ibc}g:ror @@eéé@@gmqlf, thgeeof having a
larFe :su}faée lireh |THe ﬂnvéntlon: fulrthler l'elz!teg toI mle dlg] f!)r korlnn{c k‘re!: standing

*C0000Z* ncreast n

sh%%ssvvsthé@r@e QW@@@I areds] &’hennrveanonmelso adalateﬁ fcestt'LB:nfrEchbﬂperatmo thin
| e .ener

shé‘é%seoigélemgssll Slllé(]:cogll,e 81%6}68531? ﬁOt her n%gloy%aqeéq BRTATTeSeR ){de or doped

sour ces,
maftﬁ{dI@Sthereof and in particular photovoltaic cells and display controllers.

BACKGROUND OF THE INVENTION

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

depositions.
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of energy. Various technol ogies are available for the
formati on of photovoltaic cells, i.e., solar cells. A
majority of commrercial photovoltaic cells are based on
silicon. Increased 5 commercialization of alternative
energy sources relies on increasing cost effectiveness
t hrough | ower costs per energg unit, which can be

achi eved through inproved efffciency of the energy

e&grce and/ or through cost reduction for nmaterials and
WiloloeEaring costhiaad unggsirable sryirenpentali effased fromt the use of fossil fuels

arﬁlbd)tﬁ&t do\ﬁere}’l‘?gékﬁie Qr?erw sétﬂ?gseﬂit%?e éﬁ‘u b m%gjg%gl{ﬁs( )g)n |a16%?t1ve forms

ficiency
oﬁdn)erms‘t'arufus pcamdub@’eg age at»ehlhble T6r HUidIRY 0Bk f Phbrovoltaic cells, i.e.,
the invention pertains to

BT gy In a fj rst as e %
SO Stredt P%’P;%P PYTREr St IPhetOligje cAlhmgmased pa edigon. Increased
codhBicB8zatdRPsd al'f@ﬁ@cweaérﬁzréwg{tﬁé’és Rf; @loh%?[rggglg%%g;t effectweness

having a surface area of east apbout
th@@ﬁhﬂ%ﬂmtsa}ﬁd eawaa\uertayblchman breskicoéd tooughr mﬂrbﬁd efﬁc1ency

OO nlcr ene al
G Eh 85l pecue: Thus,for

free SFA i AQ,
a prayovattaicr @VE il djoctiat twf'tﬁlllt?ge E(Pm@reﬁékbé{err gonv\g\ﬁk‘? n efficiency for a
crystalline silicon can be polycrystallTine e e
g“é%’eléﬁht flgenperadar g/ lomes thesroainefi meducirs alesdi.r ed t he sheet
can be attached to a substrate, for exanple, with an
adhesive or a release |layer. The sheet can be cut into
SGEVIMIARY OFYTHE INVENEM®Nt s with very simlar
properties, which can be assenbled into a photovoltaic
panel. In a further aspect, the invention pertains to

In @ ARLBAGt he QLMD ta g@ﬁ@gee‘? of gtr n9k s lls’clolPI C?Igl%?]u%lr silicon

ermani um silicon car 0 ed erla
ca Ildeoylepqdheatemls thEpeo onekldsmdhezremiralvm e 08 htea f aBleast about
r a rel ease |ayer

908@;‘%}:& & ntltrr% e%r% an ag\%eléz%/% I Wegg\éfno moge thagﬁbout 100 mlcrrc])ns The

sha¢n deeralyeik free An@MFPAItER R ilRInS! dbodiBhtsitSe SRE %fbé n
a sal vent that can dissolve the rel ease | ayer

revepsibly jatiadied ity g subsgratge ﬂ"é)p @ms@alﬂlrgyehccmrfcan|bqq10@>6;nysd:alhne While
de
the@BE& gérre]{a;ﬂ(}eﬁéeeg %gr%, 1fa&/e§1recf: ﬁ g ﬁﬁgﬁﬁ? I‘aﬁ %x{ o aasu%strate for

reactil
ex@mﬂt enitngn tdirvpiee at 2| Ifeﬂefg;é Q@Teﬁf Tlﬁdﬁﬁféeﬁ &8 b¥Rut i@ a plurality of

ol ng ﬁhure of talllne silicon. In sone
et Sm%li?é PFQPSRIS GWhAGP o he pStembd dniovepttamitiis panel.
driven 30 by a light beam The |ayer, such as a

S|I|con | ayer, may be anorphous, crystalline or a
& dhtbher saspeat, thhenefomonmestal,nsttbel msthdd pfsfotthg ﬁ‘gq:rardﬂ%/ layer of

L ow de ty relative to bul silicon up t
Sm%ﬁjh s’%e?r)l} appr oglllcﬁ’ﬁt Fagdsy FlRp‘?ﬁjafI@Fq”éh(S thereaf oppe alloys thereof. ~The
me ot adhipeRésS degolRinBBf BAESiaB 168N t?@acﬁ%@ WO ol QY énrél@'c{sg %ayer on a

area sheets of a wi de range of selected I norgan
subiEdier iLAF &cleqsa laygaidioriaonuidedanso diamentiprise amatehaealm is soluble in

a sOIOUR th&nPR IR LR layerOV\iu lens (thgso?%%é hi ggp%'ra%?e layer of

inorganic material. The release layer can be deposited from a reactive flow and can
comprise a material with a softening temperature greater than the melting temperature of
crystalline silicon. In some embodiments, the reaction within the reactive flow is driven
by a light beam. The layer, such as a silicon layer, may be amorphous, crystalline or a
combination thereof. Also, the as deposited layer may have a low density relative to bulk

silicon up to a density approximating bulk material. In some embodiments, the methods
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with a porosity of at |east about 40 percent. 5 In
anot her aspects, the invention pertains to a |ayer of
an inorganic conposition with a plurality of
patterned islands of material, such as el enental
silicon, elenental germanium silicon carbide, doped
materials thereof, or alloys Lhereof, on a surface of
the inorganic conposition in’which the islands have
an average thickness of no nore than about 100

caR Rer 54 10 foran |angs amiskeetsorfpowide; r@ngfcaﬁseémir ingeanfcanaterials. In
adN AL gmbgd Bél thg)félggs'e I%e canJ?1 %o ? G i hoaelow (I!ian%)éﬁorrespondmg

nitride, coh OXI
wn}aatpm:teltwoﬂatclemman@ttmr;ﬁrcehdﬂer eof . In general, the

| ayer of inorganic conposition has an average

thickness from about 20 rimto about 50 microns,
Wbl abheS Qe eRed] L hor gani

conpogﬁ%fon an averéﬂgﬂ%ﬁﬁ%gﬁé£%¥§%09g6nF” %ﬁ??BOﬁUm]W“ha
pladbbipt on@t@elaJmi aﬂiﬂ:hdsmf(mhdnmal saobedelerrhtl Silleod, @)e@fen®f]l germanium,

11nor ni ositi n has a tqlckness of at | east
St %ﬁS’BLf% g‘? S fifeeofayetllons theseplgqniacsurface of the inorganic

oEEsh tuh Whigath b1§1 e
ﬁ%e i sl ands, sSch aggssgfdg?réerﬁ?vaeﬂ&%?cgg%sﬁog%gn%sye {han Fout 100

miggong.s S iBerEaNigi qommsxt@n @as gomayed, ferxanqﬂe,vaibieeﬂ ox1de a metal
et ween th ands. In sone

t
afli%l)n Em}{d% 5111 %%é(? e, lc?rh%}@”étﬁ‘i 8 % ?%b%qu?lpgﬁnﬁagmbmanons

thaebfar Bagaleraf tHeE‘Iaﬁér &bt gatR0corsRT R NCIRL We‘?&!c’% thickness from
| ar | the invention can pertain to a

SbH oAb PB Fafo fra0emanse orie, 91 gna iabbdigensahe dayer of inorgan
comPONiGM 5 2 agt dgﬂﬂgl?{ets% Qi %ﬁo‘ﬁp R Eﬂurt al | t!}{ﬁ Bgtrﬁgrand in other

patterned is crystallrne
emés‘}ilm thtehbycrmvﬁntdrgamqaebmpbmﬁort Bad aMBidRAEksT O at least about 20
nnao %ﬁ Pg ferrental silicon, elenental germanium
GEF 1 RO EHB SAMRATEYT sAnshe 3589%aed Bithal elsyss layer, or the
1slai'nh§r arh akhgemb®hhegic
e ot I O RSB SRTEL 0 g e
remoyaplegpaeriddqnapabe tcated bstyeten abe slaadenim$onss émb@ﬂ]meﬁt@ﬂthe layer

9, ML D ositing step can
of Bk Bon s A BA0 et ow’ 200 taerSGimieciere. Similady,
thesnwefrmoe capdrtain to A0SI@BRAEI ARBES RS risERCHE Yz?yef Io?\% inorganic
rise the product of a reaction driven
COWP?OQH%O n‘gé*h? Pty &f pastermesgslends dferyealfing sibdgn. f or
exanple, with a mask and/or with the controlled
deposition of the silicon into the sel ected pattern.

In Ghen aspeetspalie Envnntm(gl ipacdingdes a BOthbar foeXRPPitng eltgnental silicon,
I.n some enbodi nents,

f I
elex'{lgnterﬁa é%—glgpﬁlélasstl qug]de éogaegigglmega Is thprceh oraylowy thﬁ:af;pf The
method c&P EsRFRANGLJoSithEHhd Gt e M Hhat &b ?*‘ﬁlgtfa %ace The as

Furthernore, the invVention perta ns to a
deppgitesi W@teaabrﬁ@tﬂwél ql@mcntpiamhton The bmet»lsmdmeoapmq&hous The
of sections onto a substrate

SR T O T -
somsidnmimaiméray e whétheaflov\éed dGapHi GENRSRIPHE BPedBEE driven by a
light beam. The patterning can be performed, for example, with a mask and/or with the
controlled deposition of the silicon into the selected pattern. Suitable patterning includes,
for example, the formation of stripes or islands. In some embodiments, the deposited

material is textured, which may or may not correspond to texture on the substrate surface.
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t han about 100 microns. The sections are assenbl ed on

t he panel such that a plurality of 5 the silicon

| ayers is froma single sheet of crystalline silicon

material cut to size. In some enbodinents, the sheet

can be cut while the sheet is adhered to a substrate

surface with either a release |ayer or an adhering

| ayer. In further aspects, tHe invention relates to

method for coating a textured substrate 10 conpri sing
Furtberotaratha ifiventipm gertang tantmehod fon foomingr aphotpradiic panel. The

t ream and deposi.tin t ..least a portion of the ) .
MG ESRPOSTT B DACBE CERFEon Wiibét PRHeae phgace in which
eadhesdetibiedompHistd atyStalliml CIRITA las@ With QHINeRYE fiiicendid ‘bb go more

aageak to peak di Stance fromabout 50 nmto about
thag abpwin K00 mirsonse aldic WAt are éSSﬁmbhdngl Trhéa)@tl@lmuclsthaearpﬂurahty of

C i onal
SR KR S 05 L0 bt g some
emhodmrﬁltsptheeslheétmh tendht avhilel the 8hdet s &fhetddofota Qbstrhte RArface with

el ements wthlig hﬁ em ssion of each el enent being
cithf ddplepsidayeg Shen ahegne e control el enent. The control

el ement can conprise a sheet of

silicon/ germani um based sem conductor having an
In duegheagespedts,c hiveswentiomeelates got inathod Ofoabaiating QD textured substrate

m crons. The eet is patterned with transistors o
COT I URTSI iy %?‘P?&rf%wrgea PPUeRE o dpgRe pregricEpream and depositing at
leaVESERHRH O th¥ pfbihucPROMPYERoR Dorfth & teknlred %uﬁétga%e The textured

perspective view of a reaction chanber for performng
Sub{rgfRcaR ERIBPTitLes rQ¥ap Gsli‘ftl¢eo\ﬁlﬂata pehlg o mahoummaarfrmtabsut 50 nm to
esentatlo a reactant
aboﬁé??%élrlvgrésss ee% F% Vbngrr§a &S%F?@EE driven with a light
bearreact ants to a fl ow ng reactl on system such as the
reactor of Fig. 1. Fig. 3 is a sectional side view of
a reactant inlet nozzle with an aerosol generator for

In ddBRiondaspEdtl V&S Mv@ﬁhcﬁﬁ%&?églto %Qﬁsgggﬁ \ﬁ%?}c)éﬁnocep IROR L egl %t and a

into a reaction chanb wher el SS$ ~ Secti on
plutalikeaf hghirﬁgnlltmgeelem&ltsfmﬂhbghtrmesilon [34 eadhnﬁemt:ntSBEﬁw@m&ier the

v, wof te react inlet. 5 Fig
C‘mg{ ctlt . %&Qdéi e%?v o?fhﬁhéoméﬁcﬁlgmem rffe8t C‘NBE’Z?ee aofsheet of
s111d6|n@en§aﬁlaﬂﬁe‘t§hs@d Qadichbh@udtdrBaving aﬁfavePalég thRRBES dfdinfbre than
Fig. 5is a schematic diagr am of light reactive

abo%h%%ﬁ@%l Th%ﬁleab{:smaétﬂ]@dlthamt@rs densbly moafacimg with the
shedtS applied to a substrate within a reaction chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

reactant inlet.
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5 Fig. 6 is a perspective view of a reactant nozzle
delivering reactants to a reaction zone positioned
near a substrate. Fig. 7 is a sectional view of the
apparatus of Fig. 6 taken along line 7-7. Fig. 8 is a
perspective view of an enbodi nent of a reaction
chanber for performng |light _reactive dense
deposition. 10 Fig. 9 is an expanded view of the
reacti on chanber of the light reactive deposition
Fig Hambeectiond! skdeguievB of fhiegeactt inket aozzéxpidiigedtakereatlond the hiee 4-4 of
substrate support of the reaction chanber of Fig. 8.
ﬂ“ﬁ?ﬁ”“f 1§3-a perspective view of an alternative
Fig 'Sti@g's&?é%an@fdxaa;‘f‘anﬁgpﬁﬁgﬁtL%&cleé d&ﬁé HESJY 138 apbdr@Hit in which a dense
Teactive dense depositron. 15 Fig. 12 is sc emati c

coafinggs applied ta heubstate vahin alhdtpechaslet em of t he
anded vi ew

iR B B dl oSl AP ARG 2 Bon o
positioried ne&Cd dubkradte Vi ew of the reaction chanber of Fig.

.13 taken along line 14-14. Fig. 15 is an alternative
Figsddt 3 gslpna) Vel offthe arparaiscal Fih Oddgrislongdine 77y, 13 with

d A yalel he baftle.
Fid 1% SHBEBLR g Teh OGRS o FIEEM AR5 R i i
reactbaodeasd ddppsiabn.nozzl e f or the reacti on chanber of Fig.

Eién Fig. 15(Js,a erspective view of a dual |inear
Figngl s gruFsRagried ViR ﬂ?f‘sreﬁ%ﬂoel Brmpeeotdhs heht ggastigplerosition chamber
OfF%e&nozzle of the reaction chanber of Fig. 13, where
the dual linear mani pulator is separated fromthe
Fig é@istaincmpmdadbw ¢fdhe Sé)p)taataue)pvtt efihegeackbmy chah®et of Big. 8.
c_vi.ew of reactive. deposition
Fish 1D 47 RebSrdiF G B e SR SppfimiesB S5 4t aispeg for performing

ligltuestivaldnse Bé@sitidl. is a top view of a substrate with a
powder coating covered in part with a mask. Fig. 20 is

Flgal%MélPFél@%Ué direrap e the veactanedglivery systemef & apparates i Big. 11.
Fightd 8 ot o §1:883 Gich A Bhe dellertlIchillnbdr BE R 0N BE BEFRL 001 T

depicts separation of an overcoat r m
Figl dy/mrsedionslt viere bfithe readforFelgmb2d of Mg siGhekeataléng line 14- 14
ng spethve vi ew . of a structured overcoat fol | owi n

eMBHY S Sectignal Yiew ¢ %Feactp:?ngc happey of Kig. 13 W1th%'1e substrate

hol&ér3BARIAL Yol d8d We%\é’ﬁ%fsygt@ﬂﬁevﬁﬁblgf a layered overcoat
structure. 6 Fig. 23 1s"a fragnentary side view of

Fig| Hyisrgopricarpfaictreadtant intet nerdio tir teeeacsion ahiralyeoé dig. 13.

Flg.o YFIsSP etrspSéE:trl\l/JeC\tllg\% f a dual linear manipulator, which is part of the drive system
for the nozzle of the reaction chamber of Fig. 13, where the dual linear manipulator is
separated from the reaction chamber for separate viewing.

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

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

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

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

Fig. 22 is a fragmentary side view of layers of a layered overcoat structure.
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Fig. 24 is a schematic perspective view of a |arge

area laver with deposited islands patterned on the

|arge area laver. 5 Fig. 25 is a top view of a

transparent substrate with a plurality of

sem conductor segments nmounted on the transparent

substrate for processing into photovoltaic cells. Fig.

26 is a sectional side view & the structure in Fig.

25 taken along line 26-26 of Fig. 25. Fig. 27 is a
Fig i3 swayragindetapesispetti v laeswo s roaltergattveeerhbddamnemr ofof layered

a |light reactlve deposition reaction chanber with a
ngPgﬁggﬁ Ftioned to receive a produce flow from above.
Figl 04 K 8schéBal /! b

G P e e 1 Ml oy B R il ptemed
oniths largplesedasicer ogr aph of the top surface of the S|I|con

J okl. synt h ed on strate b reacgtive
Figyapds b HE R BSuPRE B TERE hE Py s e b seament
moRf@ge oﬂﬂ%t&n@pafrérﬁ@ﬁ&&bte%r prbédsepRikOphorSRMaicalegd 15

fromthe rel ease | ayer and the remaining portion of
Fig B@iss sertional sids 116W§f Seistuctyreriadieds takiey alopg ling 26:26 of Fig. 25,
Fidohoet Rg o) X on_ f oj
1#?3 R é%:ag agli hot 0 %%c%gge\n Jhto%@I énCD%'hpeolsnﬁff*réor S?t:j & lb’fht reactive
depoltiogirkdotion cflmlberIWltH:a gaoeBpolslthth td Reeivt b PadRice @l@bvoﬁom above.
s of the release |ayer.

. cqrresponding to re nt
F lgD%%'AT S | PRV cs{\lmg}: stpee of KNg=NTT W @ﬁ@raﬁeéa&@mvtbe reaction
cha@@eesi tion approaches can be adapted advant ageously
for the production of I|arge area and very thin sheets

F1g0|29f15)|a| @otqmlcmgrmhnof:tkwpppssmfaémof eheagibiéom, fodl eyreyrtiadsized on a
er mani um silicon carbide, doped

&bﬁa¥ gV&PQ“Fﬁ%E@é%pgg“%}loys t hereof. 25 These large

FigdB@a& SPRebSicryfhSNsi@enss elel 8456 Hhekea Eﬁgﬁe&tm@ﬂd&g 811 separated
rel easeably bound to a substrate, can

frorg diyafrleage bl 3pdubermaniag pariostof thest mhgm fpdas sthattached.
N el ntal silicon,
Flgp?l ks FHQM rh?rggg% aeﬁa %g(r?])tfglfr{)llcé)e?@oped mat er i aI S
F1°t Blbu%mfphotograah Isby\smtJtEE epf)oﬁtamdbeofamé afltcag el Sh it SBdwith the
| & roducti on of photaovoltaic ganels |ntegrated
”lh&‘?r QT CRTCPORPING Y TeINEN S the 1ekeasslayern ght react i ve
deposition involves a chemcal reaction within a fl ow
havi ng suitable precursor reactants in which the
DETAILEDRESSCRIPINON OF BHEIINVENEIONght beam The |i ght

7 reactive deposition approach can involve the
deposition of the inorganic nmaterial onto a release

Lightayedtive @epbiation prerpes @bl Rlapid bV i£RBud$ §:0hFBfhduction of
al t hough addi tional |ayers can

large area and very thin sheets or foils, which can comprise, for example, elemental

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

These large area sheets, which generally can be free standing or releaseably bound to a

substrate, can be advantageously used in a variety of applications. In particular, large area

sheets of elemental silicon, elemental germanium, silicon carbide, doped materials thereof

or alloys thereof can be advantageously used in the production of photovoltaic panels,

integrated circuits, displays and the like.

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

precursor reactants in which the reaction is driven by an intense light beam. The light
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be invol ved. The sheets can be produced with very high

purity levels or with selected dopants or other

addi tives whil e avoiding significant anounts of

contam nants. In some 5 enbodi nents, the | ayer of

el emental silicon, elenmental germanium silicon

carbi de, doped naterials thereof or alloys thereof

can be deposited on another sélected inorganic |ayer

with or without patterning. The large area, thin
regtigetdspeanomepmuich canoinsolpk ulabéfoyitioh of shakd@ganshertesial onto a

i th high propert niformty wthin a particular,
relfieaa ot B REarphriiiy FEHBHe Coh e e S0 Nk gh g rional ayers can

be€iVbVad.€ Mhe GABELL th g@ préduce@WR IR dij Phﬁtzv Ry lof ?«Siﬁl selected

10 | ayer can be used to form a rel @asable I'norgan

dopagte T wihen agdipaes while dveidingssigri Bcat aMbivhts of kentasgnanfs. aln some
I I [ s it feasible to forma. free, .

s R L A NER LN N

maretialé kheedof drr Aiyb eher&st dade ddpoSitdd HE aflGRET &l fed! Rorganic layer

_gﬁnerally support the sheet releasably on a _
Wil BE tYIROBt PatRIBIngt hEha fsee atean tiie shedteasmtbleycitehtd 4 plurality of

fer 0 strycture from.one sybstra

smt%gglg %%ie s; ?vqgls ﬁ[d%lsprroégr&' E%f‘ﬁog%g%p\rlé,ﬁn a?.] pg&hCéli Véleet ané %etween

diffiobmti shgetst foemsh @atleroffuivalerss Wostitiohe genemdl nfb&BReRS a release

1 rel eased éSiﬁ%ﬂ? r?asonable anount of force or a

AYED FITEPf USCETR HER: &t aanahle Biereasl carsrtaith gpattrarrdiap awdace.
silicon carbide are electrical sem conductors 20 at
roomtenmperature in pure form Heating or suitable

Whitppihegusefof el wimme dyes inlakeoi, feastlenefibal a fesenamiding Sfucture, the

. Silicqn carhide results.in a chan in the electrica

nofe |1Cs§%§ﬁtc%a.n orelag?'aﬁlﬁaﬂ}eﬁ?éhﬂd'i ‘?%ﬁ@rf{éﬁlé? ¥ ¥, generally support the

shéebidlda6ay)Y 98 arsapitkie. DARROIHR QHES QAINC I Sabl) Reld36 GndtPe transfer of
represent elenmental silicon, elenmental gernani um

thegstiuE R T8y pRedBIbstars p éal aprtherdsalesiredn ef @ofxampte, ah ladhssive holding
t ' .t _ks._.desirable to have

theShEara s hay e EHRRHL TR b retsed il 3ot @8n8hid EmORor foree o

as@eéntcrystalline. The crystallite size can influence
the sem conductor properties, and a |arger average
crystallite size can be desirable to increase carrier

ElefRBtal klic68, ddtferdt ge!nﬂ%iﬁﬁ'ﬁ%d{?ﬂ%qll cta}/biﬁgglrel &L tl%aﬁ fsé"n%4 9uctors
| engths. I'n appropriate enbodi nents, Targe Sheat 30 0f

at gjop| ¢enpdraferarenipure fased Hanhg endwdhible sdopate € elemental silicon,

el REREFTIRp LLE; FRRECRrRE R Aol thag origth ssignce. To

simplifit rted | refedtldnt Yein, t 1@l @nBfeth hifidin- K00 Ueki @dductors” is used to
properties of elenmental silicon has resulted In wi de

repiesertwtesicatal slisopfelenentelgermmypmesifingl earbide) daped niagerials thereof
bdel &ﬁeﬁn sem.conductors.for .integrated .
o a‘é‘!{o cu}?étr s. Si F@Egg&g‘é‘gﬁfﬁﬁu W%ggsér E@é%&%ﬁ&&%ﬁ% are crystalline,
such @s oy crytstullineg hThio pryn@ilitk tshre elag MBMichcWitidse@NEM™uctor properties,
eIFctrons; such as As, Sb and P, for popul ating
and a larger average crystallite size can be desirable to increase carrier mobilities and to
increase minority carrier diffusion lengths. In appropriate embodiments, large sheets of
silicon/germanium-based semiconductors can be processed into appropriate devices while

saving material relative to thicker structures.

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

resulted in wide commercial use of silicon. For example, silicon is widely used to form
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the conduction bands are referred to as n-type

sem conductors, and silicon;'germani um based

sem conductors formed through doping with el enents

with electron deficiencies, 5 such as B, Al, Ga, and

In, for popul ating val ance bands wi th conducting hol es

are referred to as p-type sem conductors. A process

has been devel oped invol ving $eactive deposition

driven by a light beam (e.g., a laser beam). In
sege pestdabtors foe Iimggatied grircaits. bBilitsRdertneantuoniagealr dehGetdrdictors formed

ures &Q either a 10 S|ggje or conpl ex

t :
R R S ST o oeh Hesstons. wat e e, tlepedPt foppopulating

 therdoM@RtioY tankd getrcReRM b MEO¥BR Bl &AALALrMah ) sflicon/germanium-

flowi ng reactant streamthat “intersects an
baged s¢mpispRdIsETS éonﬂeédﬁhmugbrﬂdpémﬁlh@lémmm vathr elacttdrodeficiencies,
RueRt @ f rroduct . stream configured faor the
oS! t1on- of B R ReE Fancong® & T fondusing helesgire referred
to ta® pitppeeyerecdndubterspr oduct flow. This process has been
gi ven the nanme Light Reactive Deposition (LRD "). In
some 15 enbodi nents, the particles are deposited in
A bhgedaraef cpating. . i.e. a.collection of
anSSeg'paﬁ%??I@ opngR%%tﬁ%@?eégp?%%%bmSFmﬂﬁ?ﬁP?ﬁbemn(egva
laseusen)pdntdendrals thercoatihg barabe 18 fS@ATBarticular structures with either a
S.u_lcP:IQarac:teristic of the initial primary particles are

F PEEYBRYCCYHISHAIRR. L aps AgbodimIcR!, yeekyedepesition Heven by a light

bedh Q5 RSPesCATLalEr Gath! £4ohi | [ GQal .

depositfon.aSu%sequen?ly%h%?&agg%%%ﬁgg%ygggﬁ&§ﬁgfggﬂgnmgmﬂm
radigtivaeleanc poxénge anmditidredorfeoto fdim & qirodict Qe déﬁﬂ%ﬁed for the

.oder at el y dense 20 coatings. This version of the '

Ao RB T oot s RE oiog® Ciriad iosrt oy piEery @° qgndst fow.  This
pre@efosid itetn gil@sehe WAL M5 Readivk! BRbosHdnV@IRD™). . In some

ge ctive flow process for powder production, i.e.,” for
em V(ﬁfrﬁ@@' tge grruglan e depesitgain thelfermn of 4 gowdar eagtinigy ee.fal cllection of

REQCESEE | as ral vsi nd .light reactive
undepogyti%%?§gﬁgpgﬁg6%#§%x?é%gﬂﬁggﬁ%%=%n%ﬁﬁgP}3&H§dﬁl““tsmne
chardoteristics ofelacinitiabprivhagguarRlestahadelbAt @R ARG Ee @alih®Mhis version of
thebeamat a ll%rt ggﬁcthn zone to forma product stream

dBHTEY FELRT cliedriEht reashte Pewden @Wtinsdeposition| | Gtvsequently, it was
disévat it tel YR QERBRES odi QG :

pyr ol zedngyean intensgI?F%E?Q%ﬂgh?agﬁéﬁ%ggggrFgggﬁwb(kmm
coagagim T hihyestiothelstheprohess el mifitreedad aslige raactiedetise dapbSition,

Wiile a | aser beamis a convenient energy source,

other intense |ight sources can be wused in light
Laseeagtolysd depdight i8ven Tdibsve H1BE Hoa&EI BP pERAL Ef'o(aﬂgtio?ane. for

g§§05|t|on paranmeters 30 can be selected 1o ¢ ange the™”
synhgt's PEsubmi¢raR PEHEES- ngielt Teact st pracessderssth ys ase pyrolysis and

light 8dRti6d4 ner i, es heas porpsity and the |like. 9
L ght T ez c{‘s 1?1\%’ é%‘%o%‘?”?‘ﬁg% f%azlﬁrgsbgpﬁg%%triaﬁlefi wing reactive stream

thatpnisigctsiadighobeam laa dght ssagLor0LoR BdYES a pPB&RE k@dan downstream
approaches provide for a w de range

o Req&%ant geliverﬂﬁ. ! ;
A Lreastin HPec bghtgeaggive é]@g@pf@g(jsg@ppgrreaa:mu etream 1s pyrolyzed
by @EMe$9¢ 1k BBam2BeLH NEs EREPOSIE LANP REOGEGE at a very rapi
materi al cgeneral Ty 15 & h{, Wil Beattyﬁle reacqan%s at a very rapid
rate. While a laser beam is a convenient energy source, other intense light sources can be
used in light reactive deposition. Thus, the reaction conditions and deposition parameters
can be selected to change the nature of the coating with respect to density and related

properties, such as porosity and the like.
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function of the reactants as well as the reaction

conditions. Light reactive deposition can be 5 used to

form highly uniformcoatings of materials, optionally

conprising dopant(s)/additive(s) and/ or conpl ex

conposi tion(s). Thus, the conposition and materi al

properties of the correspondlng coating can be

adj ust ed based on the featurés of the light reactive

deposi tion approach. 10 In sone enbodinents, the |ight
Ligktarsarties demsmoml o b@plaﬁhtumsh& mcdddesn arf eellamg@amrgé of product

such tha react an

mt&s C1t aﬁt c|§ tgiel r p ‘}dF id e cti TSOrS in

precur S6FEH SEGERe AR 8%? 8% R 36\5?1@" hEBES Phigaclon REGR

gatdduugdr ad/el RRGet Bem! £AGKS &ﬁ‘nﬁd@ﬂf@mto? tl'fecﬂr@au%t Bﬁt@g&!cetenerally isa
streamalso in the formof a sheet. Generally, th

fupciign (04 the TRACEARLS a5 \mll esntthe teacidon epnditiomst Lighe raaatmeaiepmtlon can be
sects

ch. t of the reac tan ow inte
usé&J I?Othe rgg&%’tlfon suc {RAPS; g% e&'glsaré’ PRERY negpmprising

doﬂeﬁlt@addgl\te@ aad/ongahpldx fc@x@@bﬁtﬁktn(s)m Ehus, & écﬁ‘xﬁ)o@ftlon and material
stripe of coating materjal at a hight ﬁroug hput can

p
PrpeTticsto I%%Q”qsﬁortﬁé’fig coaingfrR bR adinsied hregben thedfeatnres of the light
raéHbéB%ﬁ%ﬁmn%éx%QM{ng the substrate through the
product stre %] | arge area coating can be applied

wWith one or nore smeeps A hi gh reactant throughput
with a production rate

h |
In i R EmALE Wk B Cadrras e GO pelifes an elongated
readfainf Plldshioh Bht 4 BeeepPRLEEG SFOAIEdY1s %ﬁfe%@edda%paoﬁé& é{lg%heet that

aline or stripe of particles fromth OW Ng pro
floyrdlough he elbogated geastion esme tocbmlkfeplm)dnétmtmd aitr @ the form of a

p some._enpodi. ment cti
shepE DL e TS AR R BBt Bl s B i e ot most o
all tofff Ith:fk 288t flbvoiheréeftsarih $E@Qidhhtfb@34dcﬁgh§t%§1@9?e$ds are obtained.
opriate controls of the deposition 25 process can

Uswsgﬁ? Flopgate fjﬁcta?ﬁ inlstri e fstiersagf Ggting mekemak gt a high throughput
canVBB! Belea@r i gé ﬁﬁﬂltfahgo%sllya&g)%§ﬁe& RS Yr s %gt?atg f By moving the

substrate an respec aver age CO

subsstrate Kireggh thetpwhmt stedast, laaalgs are(a(i:ahtefdg cemckey aptphed with one or more
ui va reacti ve deposition is

h t c nd| on
sw%eggcﬁ @E‘ rﬁ%‘%@}té ﬁwt vd éﬁaFﬁﬁ’OBdeﬂ Ipgh gppterial production rate
can%bﬁlﬁiirhéél%ﬂ&%t%&éﬁ%% EhtBl 08 Ln@brmityBOH the ld%gos C}ed coating. By

Coating Formation eactive Deposition.
deppgiting 4 1pgDristyipg; of@taﬁs@lles framthe fledingGoaduch ghdearthatoaing process

[ 03|t|on " both of which are
amq%é%gggﬁgf&QYIEPeln by reference As described bel ow,

texture can be introduced w thout |osing the
relating to uniformty and snoothness

advant S
%%%@“?%g%’ém&ulawtl?@éwerdép@wer ‘F'ﬂ\@p}éﬁs depdoty rooeoetegs with high
thick86t WhBormiR andNAE R g?b(ganﬁg "'sltt_ulf é %Ee &h¥rols of tthle gﬁgosmon

stoi chionetries an non- s OIChI r C comnposli

proesaf carbesyit nidugle dnibyrmlitygiftcondracthick@eshe phisthed dhot densified, across
materials can be formed with

h Sigilarly nglte > i
© P4r1604 i {PR &9 avespsscioptipghigkness Rghyeen substrates
coafe@@@liérMBe BQRPALAL BRJiEBRS. DG HSRLcthe cfeBBgni(l?d B eYeribed generally in

copending U.S. Patent applications 09/715,935 to Bi et al., entitled "Coating Formation
By Reactive Deposition," and 10/414,443 to Bi et al., entitled "Coating Formation By
Reactive Deposition," both of which are incorporated herein by reference. As described
below, texture can be introduced without losing the advantages relating to uniformity and

smoothness since these qualities are superimposed on a coarser texture.
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uni form coatings of glasses, i.e., anorphous
materials, and crystalline materials (either single 5
crystalline or polycrystalline), optionally with
addi ti ve/ dopants and/ or conplex stoichionmetries. As
descri bed herein, there is specific interest in
crystalline elenental silicon/ germanium optionally
with a dopant. A basic featul®e of successful
application of light reactive deposition for the
Ingppatiiicdatiaps oith viBowoaditligsettes Andl@SidnetoiElbReSictdofipSsitions can
is generation of a reaqtant.strean1cqntaininﬂ an _
be Rpdhesst atight gpastys denosiEpnp ssnitaryndepopitedanetedals gan be formed with
sarh ATeh @ik, ieh RS |20t | iohly
' dggggﬁ%lon, tﬁ§§rg@%ﬁg#&fgfﬁggﬁﬁggﬁe%%%%?fgégﬁg%ﬁ%gﬁnnlmcMy
unifisreceiasiogsso fartabsaopa dmorplices uias@tats, add\@ystaltind materials (€@ single
coppri ses approprjate relatjve anounts. of precursor
CIYEBI6si ¥ &ng?%gﬂt‘%%uc%ptt%éuhat“éﬁ addditijeidoppie  gedpr egomplex
stofc RIS ONS AREA HQRANthele i€ gﬁs&ﬁﬂl {rﬁ‘érksqnig: cr?éﬁl‘ﬂne elemental
unl ess the precursors are an appropriate radiation
siliedy® getpenjunaroptiacidiytwidnadopaatdi at i on absor ber can be
added to the reactant streamto absorb radiation/light
energy for transfer to other conpounds in the reactant
A tsdsiceRBurd b NQicc@Ol bpitaliod SREHANERCARepdIRiodSBE tHeOproduction of
adj ust, the oxi di zi ng/ reduci ng envi ronment in the o
coatiggctvift dstiredaRomparitigands ageneratien afubsEacitne greambeontaining an
orr BN Rbu SR RSN, g Bk oo BiDlbBppfoarE ord materials by
light anebitivat depositib) ethe akactdvi| strieah ecdnay@isisef has0 ptdclfbors and dopant
nateriaﬁgcan be formed by additional sweeps of the
PregiEfdtr at 8° TEHI oI R eCPRBIHET 12PPRPTIRIE | labile ctRUNG] AE @orecursor
cor§REioR9ab1 PRLAY He GRRDAY Sl AL WBlL:fQr %r&%osﬂ{b%s anéi/or dopant
snoot hness, a | arge nunber of l|ayers can st acke
conggritiagionmai nhlgd.nimlgssaher pecirsdre aorinr eppr@Biatn rddigion absorber, an

e AT A T NN

enefply U tratistdr 1 theédrfdouahia itiseleXctaft fs@6dnh. NOtHRE hd B SN fBctants can
of the resulting structures. Conposition can be

be ypgd feadipe thieerdizipgapdiicing eavironsaens émthiegedctant steeaptheln general, the
fit .of port.i,ons of | avers,
s 0l pusty U550 U SHboPRp8 ol SRR wvcd o

smth ocdppreiatd bensiaapoesithdreot. of the product coating
material may or may not be varied 30 within a single
pass and/or between passes. Simlarly, density can be

MuMipld BYerk Ofl SPRGSE mathinhhf €4LPL f&%’egsﬁa)l h&fitiHal QWBEHs of the substrate
propeities to the material. 11 Layers generally can
throggh Hsirpdust setjdlerstieah. $incaltdhoroghngibger- @nral¢ highanFomity and

smce¥e. gHgyltangou§waQ£Iicq%%on aé HspLaced.Iocatiqns
CARH &2 B MHERY. OF) I1YeC (AL bR Starked adulg maintpigipg gpgroprate control
on Hepnetdd dulerusasiRhARARAa it FealfreCOAHNG B Blrb@hout M€ layered
i ndividually deposited |ayers may or may not be

strugtiiss hWlapdd sEeghirlatvarijtgpendyersaly hfeatiogppertostiandter of tthe gesulting
stru&ﬁx%?.n @o&%osition can be varied between layers, i.e., perpendicular to the plane of the
structure, and/or portions of layers, within the plane of the structure, to form desired
structures. The composition of the product coating material may or may not be varied
within a single pass and/or between passes. Similarly, density can be varied to impose

different porosities or other properties to the material.
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5 on whether or not the separately deposited | ayers

can be subsequently identified as distinguishable

features. By depositing |layers with uniform structures

and desired conposition variation, conplex structures

spanni ng many | ayers can be formed. The use of |ight

reactive deposition for the formation of three

di mensi onal structures, especllally for optica

applications, is described further in U S. Patent

Layegs2geponlly ocasi bet applied esuehtifl), " Aloaeh J&ag)isﬁﬁﬂﬁh&ﬂgl or even
neerlng of. Pla Structures.

r i.cal
mw@t&peﬁ&s 2pElicatigp at ﬁfa Séx)llacleéfl%qagﬁe% can plgo dgmgsed. If several passes are
m@a® a6l idepatSthet Jﬂiﬁlef QJIHBSSHI% of c{)ﬁfﬁgt ﬁa?egxafjl HENS e 1v1r38?,11 deposited

structures generally is based Ion
arzjqzrg M2EYi arymayf ndt pgeonsiderad lae;xafatv\,mvei‘s imalye @¥mpiaged R@tLcthe depending
red or atter dt rma particular structure
orf R S B PR RS P dakol Fonchd pabemtentls demtified as
dittipaishatslal featukdsCt UB e depaditife 1§\Q¥Mt}p3ﬁrﬁ’f@ﬁ% ffhctures and desired
deposited material in the z-plane . P
COFRROSEINAI VATIAGED, comPHE truatuess mmsng at@yrihmecarﬁlbesfm;rmed The use
S d vel ope for .the terning
o A B B B o B RaBTER br Pl e sspecialy for
ophnalgtppimaabns Ishiescribedp@thict indN Sabaad 69%2 s0a¥o B 0., @htitfed "Three
artlc%jrlgl | evel or layer within the three di mendiona
et gingRripe o BlapaPrtifel Higuetwes.d éposiarited hprendessference.
or follow ng deposition by patterning 20 the
materials, either before, during or after any further
In gems |efnbo@nneot$ File(fomLonS:lf(tﬂib fisecadinteaéibndl rsﬁﬂétﬁi@@%erf&ally is based
ontngd (E§ g% p% materjals with respect to
conpos] VOB B o By Spetarly of arudiemgi of grayerpt be contoured or
pat&ahédow fogmoe %bmapa gt vyl 10G pat g&r
ppr oaches, psuch asnf|thographyﬁ)z?\(rz{gflm:r F&.Q&&%k different
IHHBW%ﬁFPﬁW@?&Qh?ef@m@ﬁbbmwmhmghtmomgﬂIsmBMMaﬁth@eqﬂﬂﬁlle the
tlon based | ation, form desired
pleBt ppippRiciiethe EOMELLOPUS BRES. Fhe spaCieky S 5vr g doveloped
f0rrthapnmmng&ﬁ@9ntpbgnop§)ﬁﬁIth)é Yor#atibn OF 08%ircRAtLBHMISNE general, the
Wﬁ? oac IS possible to form conpl ex structu%
o Sﬁm?"n‘? ??%glleé‘ WQ}ainﬁtaF p RAGFulgatevel ol lsyer withis elheetdnrae\ﬂhinynsmnal

0¥ IcRbe ¢ G ALt .
rdurin g t%eﬁfggggjsnﬁl? ?%E?}deﬁ r oltct:lgg i) ?&@ﬁ eérc%ﬁo‘Q qeeB?isltb(% by pattering
theppaiguels, eiger afoes,i diringepoafiet adydnnhé}edéil@bﬁhtﬁcﬁi BroeaR, B&ch as a

nged. dur.i ng the de 03|t|on process to deposit
heag 2% £ neat %lﬂé gléﬁ &P? rr{lqitexaql ér“lgbfﬁ%‘“sqt tt¢ gpmpesition or other

propettecdnest pepoahb® RS11oMng B@posﬁfélﬁsforr %&%}1{)]‘3 Ns%{g;ﬁ/ ]t)%%tgguno approaches,

resul ting conposition of the materi al on

suc]a 128 Aighography §nd/pypkotalthograptot ialeeg defostichingnsuch lae chemical etching
adj usting the

l.on .can ,be varied b
and%rqg&igftﬁon-ﬁ)a{ggoogﬁlgtrl%na Cf oy 8 s{‘r8¥|ﬂaft?f85 B8Rt Mesk Byersy s, using

reactants
lighbyeactivey dey@siibe goedblli Wwith caRf F)Et'té?fﬁ%o dpBloatRANMR!;e ﬁo§shﬁe to form

I)ﬁactlon chanmber pressure, ow rates, radiatio
COMB\Te mEUERTeS r 3diha tlrl@iwaténéﬁ@@ytrq;x;a\ﬁ@ emegmls withn c saidctiatliy ovarying

comPbsitiggf t diluent gas in the reaction stream
tenperature of the reactant flow,

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

substrate to vary the resulting composition of the material along the x-y plane. Using light
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5 position of the substrate to interface with the

product flow can affect the conposition, density and

ot her properties of the product coating. In other

enbodi nents; a discrete mask is used to control the
deposition of coating material. A discrete mask can

provide an efficient and preci se approach for the

patterning 10 of coating matétial. Wth |ight

reactive deposition, the coating material has a

repeed femsionetheymoduie bompaditien taske Wirddd 1B {dj@ting Yhd AGBtants that
Iac%g agﬁlnst anot her flat surface can provide

TGt O TOTB ARC RGAEE CRaterRl or Sy eREviRg gisiredcsiamconditiens. dlor example, the

rddt@éabhan U ~ k. .The discrete

mask has %ﬁﬁﬁg?ﬁ‘ 32?[2%%%%3?%%2? ?I{ogﬂg’. fagfatign ?Iﬁégy?wavelength’

ceficseir@ica ofeasirs diluem ghnirethamedcibAGirede ttmperaReE bf 1 reactant flow,
o the surface such that

tructure that is not bonde
PO 9F Mg, iPeath tBé“Ieéfbﬁ%fvéfé‘gi tﬁif‘ REQduct Savt ¢ra afifect dleeecomposition,
déhay ah@ otRApRPertikd o PR r&NRPAIMERL S, it is desirable

to performa heat treatnent of the as-forned coating.

For | ess dense coatings, the heat treatnment can

c [ sinter the terigls to densif t.he )
Ine gglt%fr?gg) %Pgn%ésr e cdltl TEEF Y& plo%ic e_‘:‘i“}’i’é??BEF °Ratieen Hf coating
maenisi. 14 diséettk ina€k1édnl proGide 2R o8l di @t BAA beBisY apOSEHRYE 1Y patterning

ot densifying the coating, the heat treatnent can it

o188 e aloalVithgightaeastivaldepesitiond ube coptingt material has a specific

SReARETE | al l, propertjes, . such as
e ystal | icﬁli t\tﬂ%/twni'—agg R@?n(a/emt gﬁr?egc’e Rlﬁ%dt%ams*c%(%?ri @aétsélrface can

providesetficher epnattotodeseant bigifitansinhtegial ddta@én Bfkt the boundary of
ine material. To consolidate the

anor phous .or crystal | :
the ‘?‘i EH% _,d’sﬁ‘?ée %B%Q@FSOPSP@%W@@GMO%UQBSI Alspethgtdiscecte masks
cailh@v@ad Nfthdt sEIFQUHIRIREERIME thflis f,&%%%géoefmt% M ESsuch that the
t he powders denSIfgf and upon cooling forma layer of
mask an Pp eemenedentagl fromitke siefasé fhiatatdoaadnay or may not
yield a material that approxi mates the bul k density
of the conposition. By controlling the conposition
In aordé embddipentssita désrabrap @eibes a Pkt kbt of R as-formed coating.

E c&nggsi tion of a subsequently densified material can
Oh&STBE SPAtEES:tthe Beat drediaent edp eoopqiivieietdr sinterGaneragials to densify

thed OB p el nsol i dated, ta for .
ol eROT D ADPEU BR S PE WY il o e Addionaly or
alt@'@ﬁ&@l% @I&Ibngldrd Qrmdt deHﬁfaingW6¢qatihg, ml&hmt @éaitrﬂbnt ézﬁlﬁ’m&éﬁf the coating
n._sonme,enbodi nents, .appropriate eating an
maﬁ‘*&é‘ﬁ%’ﬁ?ﬂ&%%ﬁﬂé% UEJJ?IHBEP ‘g%lwswt ©ovesilippceiesrsuch as crystallinity.
anor phous material into a 13 crystalline |ayer,
either single crystalline or polycrystalline,
For gemiepisnrs the govmeywensshidatg is atsed )hereimdo alesarited addnkifieation of an
|y a rapid quench)

' I I I :
N 4 SRR Yl IRREIRL o B oy ST e
temperature labeck ﬁheia&lioﬁgteﬂfrpextahﬁe.cﬁm%‘éé fenPRrarkBE thepdil @ gensifv and

ten‘pgr atures general [y depend on the conposi t?on an ’
UPODOL g TUIRY & yeroef demaifisd inmaarial. Phe térsifieatorzmay or may not yield a

matgﬁglﬁﬂigr@ugérrc{x%?tgss ltll‘fez Sbtuﬁ(:ﬁér%iteogp file %c?r%;t)gsﬂ%n. Sié‘f econtrolling the
composition and/or dopants of the deposited particles, the composition of a subsequently
densified material can be controlled to be a desired composition. Generally, amorphous
particles can be consolidated to form a glass material, and crystalline particles can be
consolidated to form a crystalline material. However, in some embodiments, appropriate

heating and quenching rates can be used to consolidate an amorphous material into a
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subm cron range generally exhibit flow at | ower
tenperatures than corresponding |arger particles with
the sane conposition. The | ayers can be consolidated
after formation of a particular |laver or portion
thereof, or a plurality of |layers can be consoli dated
at the sane 10 tine. By selegging materials with
appropriate flow tenperatures; the structure can be

| heated to consaolidate gne or nore |ayers to form _
CrOGISTe i SEERPAF ORI GRS a) Sbelceatally Snmjaseasbing racs

and B cHRGARRPolvdat iard £aa] - coati ng.
nVth respg%t t&'coﬁéofi%gfﬁ%ﬁ&299§gﬁg?§%ggpé
silicon/ germani um based sem conductors, an 15
roach. terned.zone-pelt .regrystallizatjon MR) can. _
Th%éﬁeﬁ%@‘gaq% BSPRHL L P?{gyﬂg’ieﬁ i”&ﬂghgwohs%ﬁ%atwg&f 5& freRpsition. The
flodegtrperadirecganstatllyl deBbtd/ o N/ BfpbQtibMhh ¥ 1cde s dx¥ernt i
mat eri al . I% ZNR, tEe %tructufé fs heaf%d thﬁﬁﬁbﬁﬁgﬁgnunmy
Padight sige speqalhi 7 a despateasaupewdernt cdashgveindeesmelldripagricles in the
i oL ,Sid i .Th trip heater the |ike,.
sl ron @6 el UBE Bl e B Rt P s o ifrespeiiing toree
partiolemveéitisthe ispge @bmipbbitiedl The e ddade dorssNRIAl dfieZ §Smation of a
along a front as the strip heater 20 anesann? t he
parfigplag fager onpertian Hiestof; preipiutalith ef layerscar kasphso]iditad at the same
tim¥: Sy Ralehto ; ggg i et al. . entjtled
7 ont- Vbl ?ﬁﬁgéa?%%%ﬁtlhzéﬁ]lr n g% q}l@gnhr:n ST the'siructure can be
hedit tordoasdidateame or imoraiayarsttb ¢ben Byhsokayasmaletvhak other layers can
Jour nal of th El.ect rochem cal Society, 150 (5), A594-
remEhe® {huspsolidated craing: sut 35 RVEleT 6941861 Fil s wit h
H gh Crystal Uniformty by Hi gh- Speed-Zone Melt
Crystallization," both of which are incorporated
Witereapast by conspbdasionenf @Bstallihasidicospatmanam-ahsd femiconductors, an
r Qs rface t oduce a nolten spot . .
orrf REEARSALEH oS %3a  ANRUGOHER Gedia pied e aticon t
obttine démired degraepl erysllidie R dritd FulPPEssiPfthe fatdr@@NIn ZMR, the
mﬁth.subsqu&&t cooling to re-crystallize the silicon. -
strugfirg |5 fgagid thrwgh ong sudassste ade gl smnestturet s beloatt thegnelting point

for GARELT ITORS. £aR | ec . ' Ly forrma_ desjred .
*" dense coating og%?%]ﬁf%ﬁ?ﬁ%ﬁfqg%%ﬁéﬁﬁﬁwgﬁyf;%ﬁﬁ%ﬁﬁoroppmﬂw
surforotoefoshpgtipe ofderigidf yliwanbalreasdtallibdseal 6apd ot as the strip heater

al t hough addi ti . processing can still be perforned
mo*egalfztg %bebstué age. dgg/ﬁ{ Ed{eég'g%eidr{ﬁgbqrof% exqgRle, ino ‘_§O Ratent 5,540,183
to Drypheidi dan] &titRd C28hd-MEIMRESTdAli 880 o?%egfi’%%‘aﬁétbeﬁdg?éﬁa?s," and

_ densitﬁﬁof at | east about 55 percent an urt
In agAsadf M N akobrmet bloutourt@d op drecBlttrabdamiday Sugietyo 1 5ME5), A594-

ensi he. ful nsifi. terial. An as |
AGQR00E 3R R ebhi O b1 YRR R o ok Gl L orry by High
Spee@¥bee MeltgCgrallizdesi, Y boxd of iWHidH e RRIOHI0PALEd BéréBy byStdEdlence.

as 5 particulate features or |arge pores,
corresponding to properties of particles that coll ect

A 18R shhecAULERGR fGefr p (8038 LG, LN, §0 hi
errbq%li ments, the resul fggrﬁsgs %ﬁ%@fageog? iPhg C @ olten spot which
recrystallizes. It may also be possible to heat the entire sample to the melting point of

silicon with subsequent cooling to re-crystallize the silicon.

In light reactive dense deposition, the coating conditions can be selected to directly form a
desired dense coating possibly without applying any further processing to

densify/consolidate the coating, although additional processing can still be performed to
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is a non-porous material with respect to gas

absorption/adsorption. In contrast, with |ight

reacti ve powder coating deposition, particles are

formed within a reactive flow that are deposited as a

soot or snow, e.g., a powder coating, with a

relatively |low density rel atilve 10 to the fully

densified material, onto the dubstrate surface. Li ght

reacti ve dense deposition is described further in
Obé?ﬂﬁ ’ir?fb CRAIEIZ PERPSHIESApH] iserae i combosanénd$, opobigng material can be

OB Q. i ... entitled "Dense

gt s A B R oh  Re B e Ryt erPOainents rom abou
65 prrompdemst ydiphier the fulbyetisery asfeie Qullyldendified 12AGHH1 OMn as deposited
deﬁgr aneters can be fadJ usted to deposit the denser

& (‘é)lapag may Jof lﬁzbv;e .f:zgpres ég(%qgﬁp%?.n ppﬁeéllyg]g primary particle size, such as
paPRRILOFdaflr& SRt ARLs, ang%gnc{iiﬁg(ﬁg g{;)yegfe?g)lf%éﬁt{aciefs) Jhat.collect on

paraneters, the ™ position tra
the pusface ghformeapoivder weting. Theomekmbodimensntentdindderté coating

. t dil t . gas.,and ot her reaction paraneters. In o
o e B e e it i
regefidle @ORASH EdaORg RRPMIBSEPart A& e @ﬁﬁ&ﬁ%\fﬁgin%% é&%ﬁQg‘ fhw that are

coal escing 20 species onto the substrate.
depqsed pap ORI ATIALY, 64N aravded eoating, wabesshitiyelydodi densinsrelative
r g nucl eati,on and filmgrowh. | o
o PR IE SRR RACAERUE B RS NUERaBotrteim R HedtiedTnes deposiion
is descabeds @lnhehiigleopenipey atSirBud LARNRAGE YHA Huvket 11017214 to
ﬁ_éovyt h. In some enbodinents, the substrate can be
Chifuxe!Bd ehu#li- ngniiedyr iRsnse oCottmed disositioonBy o Reedivee Deposition,”
inchRRF AR h& b3 SreRberdc@ Stimulate conpaction of the
particles during the deposition prior to a 25
subsequent nelting process to facilitate coal esci ng of
the particles into dense | ayer. In_other
The i3S Pﬁe@?f@?et{sﬁe”ﬁ‘eg?iaﬁj@us jd f%yélewﬂsfhﬁa@eéls?romaterial coating, for
exdngll@lthiRlcl the approBARSIRIMAES of Ak Fé%ctaﬁjtspﬁgd&c(? flow parameters, the
facilitate direct deposition of crystal I ne ’
posgfiqn efothe gubsieatd talttbasiedths dight omadimt pore, thasredative concentration of
- olehatl nse thin.layer. 30 Foy the forpmation of .
nefiplenl By 00 et M PtoB Rbmtis e lefi Fech oo, oo deposition
react@mosorididensp L @8positid paAfetdrs @ah R 48RS tth Atp8iit ®oalescing
rel ease |layer. A release |ayer can enable the e
SPegEy QR o fbsBRtea d hsveb ettt sisface etruprevidedhe nénsssary conditions for
hetrBSIba! Ruclbionhi g [ CRAL,SLLUSLHL & b S, O ITed
“Wth 15 %%e or rrrgr g%?’é%ﬁm%ﬁ%@ﬁ#ﬁﬁ& %t%%szraé%a&?ace can be
heatggt foonatelayiveiyt highutetiperateomesstiange Whifofnt filen growth. In some
structure is associated with the release |aver. |In
etk G o T Gatbe sl b eppropert feghe Gammstion to reduce
ther{aDViréle off @6 stiMBlatet BRASRLbAYE thel PrflS & ttion pri
under | yi ng SLljbstar ate, 'anl over c?o%t o?so ont’ht&lgaﬁ(ﬁﬁtl%nepmr toa
subgggentiyelting pesassapdacititaty erabesaing if thic partielef framat dedse layer. In
lvi S trate he | arge area and thin
ot e A o TS BT Yy Bt G 6y IS Mo seperaghise ran be
used® faellitatagire@tdepssitdd dCErvs@ISine TiRoseR AL baldaUeh M B uctors

4 : b
cqn,b Qrocessed into desired devices, such as
as a relatively dense thin layer.

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

of an overcoat structure from the substrate, in which the overcoat structure is formed with
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phot ovol tai ¢ devices or displays. The rel ease | ayer
can have distinct properties that distinguish it from
a |l ayer above and the 10 substrate below. The term
substrate is used in the broad sense of the materi al
surface contacting the release |aver on which the

rel ease | ayer was deposited, ,whether or not the

substrate surface | ayer was ilosel f deposited as a
g substrate. The

coatln on.a further underl%
ONFYTROE RAdRPnagpaling Fieps RR@wptibrallvayeh fabberepmancsingewhile the
.t t
strggt%gée {sta%sgosc@ﬁéﬁc ‘ﬁ"th@ é%a:??;%ersg% r? fgrs Iatrlef)egse ﬂyerohas properties

th@us@‘eéc lf(hrltbe tedeake hiyburoedecbﬁpléfﬁroﬁi sretmddk iyt fibstrate, an overcoat or
b ddg/ nbodlnents the rel ease | ayer can conprise
Og’ r\%‘ tg HV Prigparaiedins eragpbstius e MWQMS@WQ Aebstrate, the
lar¥¥ tabeal 8086 elethchh® slIRLEASE/
the rel ease |ayer generall (%E%SQMQéﬁggpg %ﬁ% m%%“@nzw
othgs syhetyres hdmescpdrated tstrecturad enh Ye pocesdadtinmt cﬁesﬁéd H&chs such as
Q ower 20 density of the fracture |ayer
phgt\é%lgalgdewceslﬂr dlsé) *the deposition process and/ or due
to processing follow ng deposition. For exanpl e,

preferentlalI%1den3|fy|ng the over-layer while
The gelgash daveneary gve slsssincbgreperties thal @ngnsﬁ“bm d layer above and the
s | nt 8,866 .10 entitled
> Laveﬂ?@@gt eﬁejegnasﬁggt%taﬁsatfse |tgglbr(f%iv?e<9 %Of the material surface
contagmgpbe atlede hereeion vwhich el RleafCRyerATafdd RS A \AQlfethtep 8r not the
t he release | ayer generally can

S“@Fﬁt&tsﬁgfgﬁe laz% WA 5t depastsgiasg oaeng ap stfndhe lmderlymg substrate.
ThOYRELE Myer Mol NifrESPER R Ry NoJeRg h‘} Ist%gstp E%gw wltr}héeSpect to

processi ng paranmeters can-be ad) US

compdsgiapearidargropdrties, signad daany,| mch (DMEﬁt BessdepMbleNdFracture. In
The erences in density can be

f
o b e T S 1SS e omii L S o

is somblaniaGalect3@ sshvegngt h such that the rel ease | aver can
be fractured to formthe overcoat as a free standing

structure or a rel easably supported structure. For
Wi X2 l.ayer. can osited as

"Coat C? Y ttﬁkhreﬁ&agﬁg\% {7 IS0 Ef‘éf Fin ghi’/\ar‘f@1 PS4 lfiiéqre@%ra“y has a
subistalytmllyriowelsdetnylt'(/)fhaatenhbﬁhéhn@@@lyﬁo SRk QEfHe ovy&%at The lower

g fSU|hL gistruiture may have a portion of
enpify, Of UPe drF e duEr 1cay die Atresidthet the gemégnoaumocmrammnsdue to
pro&@ksihBFon &l ask FBQM&{ %?%Qhrﬁél%d ‘rl)}lgé&@m%%l% (rieenls%glélgqhe over-layer

over coat SthC ure can be r varil o
whilpelengag therreleasti lager dtarloexadpisiy ichwoiisal ind ShPAgnt 6,788,866 to

Bry%l aéc‘qm%le %g%fgg/{a? g?a/ésgzri cg% han Igcpr%:cp g]oqlelx 1%%15; narpp@apqr@)ted herein by

refefeRgoV eXsreeEdsdllﬂ A thelPas chaue "theﬂﬁe‘ie%ﬁé ?Avey%&galghﬁam tgeahacmred
cl eani ng and/ or mechani cal ~ polishing.” THUs

withoyhflarpagiag hssubitataseraretagre can be reused nul tipl e
tinmes while

With respect to the deposition process, the processing parameters can be adjusted to
deposit the release layer at a significantly lower density than the overcoat layer. The
differences in density can be adjusted to yield the desired differences in mechanical
strength such that the release layer can be fractured to form the overcoat as a free standing

structure or a releasably supported structure. For example, the release laver can be
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10 taki ng advantage of the high quality of the

substrate. In alternative or additional enbodinents,

the conposition of the release |laver and the overcoat

| ayer are different such that the conpositiona

di fferences can be exploited to facilitate the

function of the release layefs; In some enbodinents,

the different 15 conpositions can be sel ected such

t hat the rel.ease | ayer .and the overcp%t I@ver have v of
depqstipd 22 At SRHRS oY TAF TRt SFFP UKL &R EL FHF a9 yporosity of at
leab¥®ol€dERSEedtaver can have a higher consolidation

tenperature so that the overcoat can be densified

while the release layer remains substantially

unconsol i dated with,.a | ower_.density. .The different
e g0ERs ERE A R SePTaneht Gondit 1AGaf dhver anached
Refl@PaHoresnindshé rdensandlepbssdtibfe@rneit tHiosleakdmt &Ferdas strnd@ure can
The consolidation of the overcoat |ayer and the '
be ggmevethtVitl vaetHscEsEers datlnding.ofort er@mple| ehesucalagtehing, plasma
N rasult i ti - i | f.f c
etcilR LB helinfaPHARAR | Sl BERT shfeuftles Bho Rl BHYERBined o
reneveex@liduat adlebe flavactmateridlhasing! eadcdl ayleinind handise nakhanical
differential consolidation tenperatures for praocessing )
polasélj%%ceﬁ i 2y BiEd Tt S SHUCIUERR Y] Py rokeeeTElBICages while
tak{ ol bth Ao Orhe hivR dg@hg@%é QpStEak S described further
im U'S Patent 25 6, 788,866 to Bryan, entitled "Layer
Material s and Planar Optical Devices," incorporated

herein by reference., However, in song e i nents, the
tn PGB e T OB P, R RO TRES bR A7 FeTeast Tayer and the
ovREQRBilet @fe BfffdrdiR SGOHTRASkitd edinpRidiRal biFeRedeOShA Ye exploited to
Specifically, the conposition of the 30 release |aver

facilgatgi Sei frnction orh thre relersgoliven onlofsonise copbedisnsats, | thy edifferent
corﬁbjtfsniotng nfw gagtecp rs@c%eﬁ%t Hek ﬁeﬁ&s% ewye\feanl r th%a(g@eggoa%nfyer have
re e, t e

ease laver. For exanp e rel'ease laver can
diffecnmedndolidaten sohpebdteresatSpretidicalt y)athe caleadeclaglerssal @@k a higher
to.rel ease the overcoat material. A 17 _range._of
Cquﬂ%#a@laﬂitemesrﬁ%% 5% e Pecert ) & %?I%Slfrée%r Whiade release layer

rerr%?I{EpQFb.%ttahf?ﬁly EonSHARGEwitRR 2 136kA |de§s}i'ﬂy.o r A€ dfferSht c"i‘)lmpositions
nitrate can be deposited using an aerosol w thout any

may umvoher diffeecant daparg lewzls, ldapard comabsitign @hd/ondgéremchost materials.

tal . d ited jn th | t. h ..
g o Bt b e et verhde FPEE iR cpRieiRdn of e
relda€e BuyBeaht HeQtllt P @AUBdtarRiaViEAYit) ditTeref@AbétRGesS tHcerBasd Mer and

sol ubl e i norgani c conposition can be deposited with
themrwﬁteﬁea&m&ﬂ@ator@ﬁsbq gxplqited the fosiurd 81 tcase dayenb| he use of
o gan| ) Siti i.ng. || eacl e :
TR0 IR L Ra DAL SHLRy BN gy
densite atatartieand &lacmahg of she dease iibed is dewopeddimigerin3J.S. Patent
6,75@%665] %oeﬁ&glfl; grggtieag'ég%rri}\zlal@gg]gg%@iPégr{a? gfrp'tl%g Dteeicgg'nzsncg;porated

her&h ®G-E@edea cal Cell Production,” incorporated herein

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

formed from a soluble material that can be dissolved to release the overcoat material. A



10

[\
W

10 by reference. Thus, a release |ayer can provide a

mechanismto rel ease the overcoat material wth a

desi red conposition and structure. In sone

enbodi nents, the overcoat material can conprise

silicon/ germani um based sem conductor structures. The

material may or may 15 not conprise a sel ected anount

and conposition of a dopant. Appropriate processing

ster can .be Berforned befqﬁe or aﬁter rel ease f&om 1
rangf of TS G FRMARTRN 1§ SBHAT R TR 571758 COBBPEDPTy £9T SKymPle, 2
mePd] QEERRNG GORY aRtROCEN e dehetiBdNgkidd @n WetdsBR&Rthout any further

device. In sone enbodiments of large area, thin |ayers
reagfants Joi bena geatmenplinniracied med gemasoddue dgpesited e the process,

o R B M R DR B e L ETEh procuc
witBaNthBaR¥@instRYA! ape ddniK MRSgandd ciBpdsich édnabe @posited with any
100 microns. The |l arge area and small thickness can be
reaganablsi dessityi nlherflegodti Qg sa pajukln enorg@y araempesiiaen isips bghi geactive

| : \' | C :
po 17, SR B 2 L9k cEREhs A BRI e 5
descgbedrmndopandiegric® ithiatt appliayien SetA muner heA864231 to Home et al.,

t hi ckness at. ] east about 2 mcrons. ] n additional ,
ent R e A R BB O r?i?ffrg,ch%w&alo@elﬂi’f@um% PORNtaH herein
by fdfbefQN/ germani um structures can be associated with

anot her |ayer which can facilitate the formation of

the wultimate desired structure. Suitable associated

|l ayers can be conposjtions. conprising a,30 silicon .. .
This RSBETS BRCT S0GBP T GRSSBIDLI© oSS dF oP Sipppaterial with a
desirB@I@ambsiti6O MR SItEcARS . THOJomE ¥ABPHigend, ItHY @k ereddt B6terial can

an _electrically insulating | aver on one or both
conpipseptléconEErmHRUMEAe ¢ rveigendictor BHactisesocTha wdterial may or may
notc&%ﬂ?@ef oJe[E%%d%rﬁ t A9 %%%6h %'éitip)gl St hgfan:t.ayfé}{rg‘%ria(?% iloscessing

S|I|confgernan|un} ased sem conductor rélative {6 the
stepsedae s @etfaryerd. beTdre dr hftekretase fonh the eutpagictdependifig biehe desired

.associ ated | ayer(s) generally are selected based on
objeqhiy ey TRgFsH %Cé‘?ve e &rﬁﬁ%’%lﬂg ghe ‘g“TﬂSPe PESf or mat i on

of devices based on a sem conductor sheet, the

structure generally is manipul ated to have
In ggopreopimbademéends alof z &gd earcar ebint hiayersorah ellewsfgesnafium-based

t.he devi cgs.. Specifical it .may be desirable.to -
senfip Bttt i o PG ARk bR o Seshd of Bt B 900 square
cenfifrfetégd. USi@GlarlThtte Pathkenfihage eanvéragd tHidiales SURS 8RHEMHan about

device formation. The features can_ be patterned by )
100; mEcroRsdi Fhied atge dRcaotnd fealk thigkaess/ qe raeegpiniic 48 agique ways in the

].Ccord . and/ Qr.: h si i an ;of -

for i R Mo MEStocy P lindY gh {aRFRE o5t HPgg bonsumption.
Furtleaabrecaromeediodirhents, ahpthsi tiliomakeraaange seraloidictdr dayers can

hysi cal changes. For exanple, in sonme
havg aythlckness of at legast about 5 mlcrogsp

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

semiconductor. The associated layers can be formed either above or below the layer(s) of
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enbodi nents, the sheet can be doped at particul ar

| ocations along the sheet. Wth respect to deposition

of materials onto the sheet, appropriate materials can

be deposited onto selected |ocations along the

sem conductor sheet to formelenents of devices. Any

15 structural additions ontoj§he sheet can be

performed using |light reactive deposition or any

.ot her appropriate deposition approach.. In particul ar,
Sﬂk?PP%FF‘ﬁ Broge %%?”E‘tfﬁ‘ﬁtoésf QliaH%pE{ ﬁll‘°:|chlieF’ﬁei B¥erca %@J‘ﬂ‘ness and
coH$B8 bR odeROSIbeigbd IBREGS géh&é?@aérb QBB cE@PARA on the desired use of

conpositions to provide opant to nodify the
thestiictse/ ger mani um based sem conductor sheet and/or to

provide a conposition, such as a polysilane, that can

be processed into a sem conductor layer. 20 Wth
Fof @isPRation bedeticaebabepsi 4 bamiconductRhbe, gRrSHfiakke gérerally is

formstripes, islands or the |like of the silicon/

mapeaed (onheEe SEPYERRIEoRaYEee ricyhres haintpam- ¢lgpents qffthe devices.

Spleﬂgcég . & i@ rd-%s?rablfe Qb g%ﬁel%dihgcs?léygs gﬁﬁ!ﬂﬁ@l‘?‘x—eoagﬁaé ?%rrrliconductor

terned silicon. mani unt sem con
stre¢tunest Uhéspawmibge chofavittaewabsegnentnideice | fagneationd tTheofeatures can

wi t hout anqt her terial. between the 25 ynder-| ayer
be FRISTRE 181 | ec@ﬁﬁggﬁmiolﬁﬁﬁ%a@ﬁa?@m% g3y semiconductor sheet
an@/bf WG LK 88postdnes M@bic¥iglsYont@ theSkthicRRB/ IREABBAUYN of the sheet can

| ayer (s) on an under-|ayer can be patterned through
reletectioi agmpositidngl |chkeges fagidl@wionghyshel dbpugsit | bor ekample, in some

i licon/ger i um; based, sem condyct or | ayer (,s Thi.s.
et BsTEd JPF SORELT BT GOET SrRp PTEHF Heeta With respect
to Aegdsittdneat MRMrast 6o the shbQ, asdrbpEQB/HLEMBAIcHMbeaERdsited onto

sem conduct or Ia{er(s) Is adjacent a release |ayer and
selgged docrs g pmedihe asgaricangugpn shept doeformhdements of devices.  Any

i 1] ] . : . | ) ..
srBCRRASETIR U ASsdySERLASARUELE LONFELRL: gbon or o
othehepprspriat depdsissolappiohehr. mit erit@hilagrpriftokl mretasges, such as inkjet

renoval from.the, rel ease Iaﬁer t hrough the use of

Prighing, oy bgr U o) §9p8Sit £ SPEGiti daertiohn SaP#REngaguposttions to provide

dodnf WS LIRS tRARIILBAREIS i AN s@NsdMESHaul RY §he @NHdRP to provide a
associ ated |aver on the respective sides of the

corgposiitvam stdpers el yamha e slead caehe poneksed orto h ageicpsductor layer.
Al so, an under-| aver and/or an associated |aver may or
may not provide a functional role in a resulting

witerek gt toliRe&ivet dtpodhbih iit shal BeldesirabatoUBHE strlpRY, 8Elafds @the like
associ ated | ayer can 5 provi de consi derabl e processin .
of dvaleonigesmanitm-based semicopdudier ¢ apanfgnagr slé|the uader-layer is
[ ngd/ [ v S I ' r :
o e e P T PR LY ol BBl B semipopductor
stngheet candre foemedidvdrnanasdaclagdrivoith o with@ut asethfranhterial between the
m i nsul ati ng gaps between the portions

urface tao farmi, .
undSy-IRE sed e HERT STTRAG AT CocPR SERMFSBN FRiPT SrUcelies | Agemtively, @
siligﬁ%é?%tﬁgjgﬁﬁtayag%t M EndefyRR R MHRRIREIQAER cRRHMVr the like
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 release layer and an
associated layer is placed over the silicon/germanium-based semiconductor layer(s), the

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

following removal from the release layer through the use of etching or the like.
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overcoat structure is separated fromthe substrate at
a rel ease layer. For relevant enbodinents, the

rel ease | ayer can provide some protection of the
substrate during cutting of the overcoat structure
such that the substrate surface is not significantly
damaged. In other enbodi nen{g, the sem conductor
Iayer can be cut after deposition onto a pernanent 15

In %8 o%fmgr)ftf Ostrtﬁ.t]caltre[sﬁ%%g %ﬁ%ﬂ{l%&r b(l)tﬁcor gﬂégilgﬁoeg | tan gssocmted

produ er e
layaf togr th%h&@p?e‘cﬁf/e tsoled dfegrl Miibgh/ hiuat-BasdeAr RHAELHdN&Or layer(s).
release by a rel ease | aver. e receiving substrate

Algon gn yader-Igwsr Aadn en stnstated ayer may pemss maf yroveded ﬁgxctlonal role
g r S
e T B 0 o P BB 3P SppcbidRed ter can
prdvmmsuietabla)f})r@esstrrtg;lad@drmag&/k txhdutre@edftedoe&ﬁefdnayt@cb’n 90 selected
d hagpbpe conb ed strugture can be forned into a
SYIESS APEiOR YRRy @F@“ﬁﬁ?‘%iﬁﬁﬁP@f £YEeSt he formation of a
phot ovol taic nodule, the substrate can be a silica
gl ass possibly with a thin Si OYN, passivation |ayer
In edditondli grhaltarhasivsi ¢mhbalimgeisriri sireebase desarn inomdodatoon with a
sheet 's orned. The exposed surface can be further
PG ety I TR B PR e TS SRS MRS B B L iskFeCeIn some
emb@imleAG OERAAALE @t d Rk Qat BRuABreRaA HaCHerfoiAEd BYRRP laﬁd/or after the
. ‘the resultrng structure can be processed into a ful
oveseRit WOFRES ¢S sepeee. fram teesubstatesatr aoelenee ﬁ@rerredFor relevant
I al
emgé/ﬁﬁlrergtrs etﬁg r?ég}gagg éz%%g Easr?éljgg 1de 501¥1e chglo hogl?ljlnea u;ols .raat 81‘”6?g cutting
of thaeoepoitadtiuomré sioh tﬁatptaéfsub‘sﬁa&r SLﬁ}ﬁi‘vt‘e ¢Lnot s3Ehifibe$l® damaged. In

addi ti onal processing steps can be perfornmed with the
othg,gpasiperit e fepiSOR T HRYPT 80 PREUSHIss depgsitiongntp apggnanent

sub§ttr£tb'% e SRRara! fd 1&%1*63?§ad'ne1|nﬁ)a§ grddﬁyte " R hH dnkb o38N Ets, the
of processi ng steps perforne the structure
shegit rtsa@heﬂert toanskes tg @brsteizing swherasotteoadh theerelBse by a release layer.
the struct

QProgess e erfornmed w.th
T DR M PR B St BhosHele g Pt lging eure
deposition patterning can be performed before, after
and/ or during any heat treatnent step for
As pefRd 8P Gatl W aslimers, he Adigpr/comaniyp-besedsiemgeandnctor sheet

is f(%lmtﬂ%églo\él?o ﬁfszrs %ﬁa’s@gtje QN h%fut SE’%ﬁJsE ?a?ets tséa[}% L B ¢ ! rr]ﬂbrtlrrl,élas)ﬁbugt%ée can be

sur ace Surface

forthéchimto 4 cesalting Iprcm‘uct higortdxiampleafertse Wn&lbtnﬁh afa ﬁﬁr)tbﬁﬂtafd)rhodule
r the hql di surface may be a tenporary

the F‘?R?Ht‘iec?ﬁn B APHER IS |~T@tsaf)%55thhe W”ﬁ‘eartthtﬂ %%Eeptfﬁwaﬁ@n Ewemgsite which
the pi'll@&[gsé'h‘ﬁglﬂ SRRd s!erfmctoﬂguch&l Hie0G; %&He@c eryeS X géqa%gﬁﬁé’e can be

he thin |ayers can be tenporarily secure
furthe;ﬂ mergssluwithqettinitty ami tahiési wefoom ddv&:elﬁokmcoﬁteatm into the

L N TN AR 2 K T

moddl&cessi ng steps.

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

processing steps performed with the structure attached to the substrate and some of the
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For the formation of a photovoltaic cell as well as
ot her appropriate devices, it is desirable to have.
texture on the top and/or bottom surfaces to increase
the optical path lengths 15 within the material.
Texture can be introduced with a textured substrate
wi th deposition over the textyured substrate.

Al ternatively, texture can be introduced in a

pro% sgglsér stl} d gel'rlf ];alcﬁ w 1t the ﬁ S?S?ﬁaéé%edngr&o? ] §Z§u trr]eﬁg t eEtchm0 or

oth&h BosttdRpbyfibm 9aﬁ@ﬂmbecaﬁla&d ﬁéfforﬁ}%@ Usdgore ARBMANIMSr during any heat

ordered. The porosity of the release |layer can al sO
treajenisiep 10p CprRolfation/aeaging ext ure on subsequent

| ayers. 20 The availability of thin, large area

si |l i con/ ger mani um based seniconductor sheets provide
Adﬁimlbndilhﬁropfs@dﬂg&tdnomvof\ el axsgeaatidn gh thef free is&ifndmosthliraﬂayers with a

ells, dis s. as well as other. devices sed qn o
holﬁ%s%rf%% Bﬁﬁﬁ'@tr@r Yk sy be H8ndli lacationsel tg? thug)lpxgrs within a

deve@N ey GUlor fhOMoRih&r Qﬁﬁces Hﬁ?t be Qstefb?f)far?fl &Rl @ facilitate the
cel | panel formatioh. In a solar ce pane? there are
perforplugecadfi ang oofin@é pravdssui Huies. ¢ethle sotdiag suarfaee colempotagyl the thin

al | el d/ or e The. cel | ect ed
oy REbE oniosdlE sPse Qi B e eSS r il ARG Githlike. The
ass@é]@udhe{vlltﬁ £ 0018 adfdcB RBMh&halidNg, s@BizE M€ thin structure during
potentials. Any cell's connected in parallel provide
parjigidarareeaysisgsieBht . Reasonably positioned cells on a
panel can be electrically connected using appropriate
el ectrical conductors. The wired photovol taic pane

Forah&) fdaépp o DP phcabecblyaucmmovt €tlad hiBer apgtbpriateadeveoes gt ﬁajesxrabl e
electrical circuit. To forma photovoltaic modu

to hayedgeies epdhe I‘%R/é?d/orsH%‘F\O%ssugﬁceﬁﬁ@éﬂcqea%Pheo?Pt§ﬁl path lengths

wuﬁm@ hAteAl! a¥ekire sﬁ%@ﬁltﬂoag&am@s &Lk thrdll %uesﬁ{)u%gfeﬁosmon
one or nore |ayers of silicon:"germani um base

oves ém textnod ctibstragd. oﬁberamtdved)y, téxeiyrercan e urttrceﬁmpahm d&pOﬁimdmwface

t@%ggp and/ or q% ? onduc Vers §? Th

in SLIOPPERSEPS B ?ﬁ% FUH F ‘&er?éro er S &P lc%téﬂ Step. The

textlAfg @a® B kaSdM, GRBGULIAH03NEr IRIRRY. dp}'i@b&%si‘%}h 8t tHeOfelBase layer
portions of contacts associated with current

can@lso|bsaset &, iImragal repgletexade Pr Fdsaduenalpaerscan f unction
as a passivation layer on the front surface, rear
surface or both. A passivation |ayer can also
Thefavadabibity efshianlaagy ireetilieat/parmah@vebased QelthohOwedit shieets provide
el | s based on si ernanlu si.licon carbi de or
for 219 Rypduqarddfree; Lﬂé@ eg%?ls R R ATEE BFPINSt 45 Welh a pier devices

bas&ESH HROAUETiQniAREr ettt Yrﬂi@n@t@ips&gpgéfﬁtcgﬁ be Iﬂleﬁorfllaqg\foer sheet
of current between current collectors of opposit

as ol ar atspla apellbgrnek édmasefi.ul Inwosdar calh@amdlf tfrereean’.ya qﬂurahtv of
inditg{]q).‘la egfs @?tr %r%pc%rr]lggcté i ?):rirtallglnagdhoer 1rnes%(r)1rg?| t | o?ls cormected n
series increase the output voltage of the panel since the cells connected in series have
additive potentials.  Any cells connected in parallel provide increased current.
Reasonably positioned cells on a panel can be electrically connected using appropriate

electrical conductors. The wired photovoltaic panel can be appropriately connected then

to an external electrical circuit.
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and hol es can reconbi ne before they flow to suitable
current collectors. After 15 reconbination, the
phot o- generated el ectron-hol e pair cannot be used for
useful work. The processes described herein are
suitable for the formation of desirable materials for
photovoltaic cells. The use of thinner sem conductor
structures results in a saving wwth respect to
terial,s and correspondi ng,.costs. However, if the
Tog B BT 0 mSaRY Hn o Uit Jpyo s st gpde-laver or an
assbaiRfedl RiyasS dMCbe | ih@tboratddUsito thefractarce vady ant agemokd layers of
_having a_silicon/ 20 germani um based semn conduct or
silicpi eRABSEITasRE e daAuCtOal piccangfy laveds withidepants tovfiorm p-doped
i addi ti i ts. of :
o 38R ARERT b D Skl MG BB grrmaniva Iy someral 2

solatubdl had eduflotserlicsidumyor codpdpedtddmaliis par forgUpationd BE contacts
sem conductor sheet can be a_ 25 substrate for the
asspeipieat PR SHTORi SRUCFIPRY t randflat et eddiignelr laenepn function as a
pass LB Bledo 'tﬁeclﬁbﬁt SnPPO '?Ed?tsﬁrfaa—é"b‘lsbothh% ggésﬂfation layer can also
sem conduct or sheets can be large format display
functiorcas arsantinéfidetionbiyer. nmore transi stor associated with
each pixel. The resulting circuits can repl ace
structures formed by silicon on glass processes 30 In
Ph&BRAfA - cellha38dM GORHUChOTgeiN8RES, deRGnl REBideLEl Mloys thereof
_ provide a cost effective approach to forma range of
incoperates Jwdtionawitke duetypsrseimcandactas endfn matype isainicenducior. The
i_ent [ f . Th i f it f th
ﬂoxr%;(% éﬁ%&ﬁtn%eﬁg'gé chuergeir)llégz ll%c?(grg?)g 888?%%8#%2%{/ ?ﬁn ¥)e %se(} us%ful work.
Thé effltidnic ¢ aftth BroapBt @pendoin wff bE itleNiecamBir@8sh rate since electrons

ef fective comrercial production. The anenability of
and helesefit grenTeiDT biest Seyoflews teiwiebleopwsensf callgeioner After

rec Bfflgﬁéﬁ,r}ge ;Bﬂgﬁ)-cté?@raté#a%&t?onsh'&% 3%Iirecefn915t EE fuisc-gd g(ﬁ]lésreful work.

ormati on of a range of integra circuit an
Thes progetses describ&d Rereduete ssytablhesi theWothhtiorAoReesitablet materials for
ositi.on,, as with other flow n

Fl ow Li ght reactive de : .
phofesiplisnetilsy dihé fise GafiEhs TP EFPS SEucfures dgulia df @ saving with
respi@l toV@hdriaRRAlALHSs RN ok B C tiovRevlel AWt eBHEhdBctor is too thin,

reacti on chanber. Light reactive depositionis a

the ydicomBpes nad ghpthesrastrhechplightiu dhio these arsoslveniggesan dayiag g silicon/
iLL-0_a, Wi ran f 10.conpositions and materi al
eenfleblarp 4 SoORRETaTn B ERT Roafatey Dbt B ppigest ovo
micifi®. reaction of the reactant flow takes place in the '
reacti on chanber. The use of a radiation beam e.g.,
a light beam to drive the reaction can result in a

In é%d z5d tféiﬁaéﬂe.btgnofzgﬂgoéﬁ’géﬁlghflﬁgﬁaseh el haHab %tFCWé&é/ useful

0 e product stream Beyon e reaction zone,
subftradey E@ndisplapriomepoaentpr obhuphrticolmotiet sedm c@siukiod sheet can be a

articles, lten particles, and/or vapor), unreacted . .
sunfigic GheBe Gyl Bt cSﬁﬁ}E‘FE’rSar?&Q}i‘))ﬁeﬁ_"Pergé‘g%%r?teg cireuit
comE%ﬁerﬁE.Odlqﬁl_"s, frlc O i€ adhie U RMRKLQs Rad BRAS del RANSUAIEASE circuits
with one or more transistor associated with each pixel. The resulting circuits can replace

structures formed by silicon on glass processes

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

processing format. The uniformity of the material and the speed of production are
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at which at |east a portion of the product conposition
is harvested fromthe flow as a coating. Continuous
supply of reactants to the flow and renoval of product
conposition fromthe flow during the course of the
reaction characterizes the reaction process within the
flowi ng 20 reactant system & though the reaction
and/ or the deposition can be interrupted at
. appropriate. jnterval.s, f xa ...to _position : _
s Bl Redl it ThF Y Bufiraal cBRnoRirsnSBReeld Bpugrion.  The
amPAASESSIMBe Smsbiticalrishads angffitiegt forke of fliher pfdeesstd Make the
a net flow that passes generally from an inlet nozzle
sheebnyvitable dor dhigiepiaematinn ofe 1apes §f injsgraiet Gesutteng ofhen structures.
generally connected through a punp. The net flow can
be conceptually divided into a |ight reaction zone, a
Prodictryadicsin Withiow Rigecsint Elam from the | i ght reaction
zone and a product flow down-streamfrom the |ight
reacti on zone. These conceptual zones generally may
: V. f:in ' u Lhrol -
L R e o, er et obR By mories o
reagipuicdaditverst appanatus thatalreatinch fidvatthionglor reagtioeabdrmbng. tlhight reactive
reactants, . n roduct, i s present. in.the reactant :
derpoRp ot raliine3ol 1 e FroBiRG Y sepis FrbHAg ath a wide range of
corhBRTORS At emPleABIUBTopE@IEP QS | dep&irel EdrS@tth | ddiMicdRY BloRRERo.  The
for the particle production within |aser pyrolysis, a
reagtioqghef e ircastant flgw lgkesclges Mothe geactipe Icharsant i wse of|anradiation
rt] r LA f formn rticles wt
bedff L, SR beshl o MFEABE sbioh Rl acRTh P BBt s sty B Thacsacs
to Hglhuli®radtapt € fretuct a0 rB@bAD the @actioREdrirgthe My w dagRbmprise a
reactive deposition with a conparable range in
progughramiPesibag (sid Rartigles gpeien nagidss. gyd/en yaog), vareacted reactants,
rea@RRYVErb MR tSiRANA&E dade® ThOBIA8Y o cdnl RWIAG 6 Il%&s@'gion surface
reactions driven 5 by an intense radiation, e.g.,
at whighat leagii 4 porfiepdithe pexdoéticogpositipr sdaotstphfroinchefoahs ecoating.
| eaving a narrow reaction region defined by the
radi ati on. The name, however, is a msnoner in the
CorgRises §upply sReehntORo tHeOMWI QR Ir@B6Val DPWr&RSH coHHSRitRS Pom the
strong, Incoherent light or other radiation beam can :
flow dpring thergeurse 8 dhe repgtiop, cheraeterizesdhé roaction mpgesy within the flowing
| S, er nal rolysis.. Th :
reafP ot bt Ve SRR, /@ enl Dol Rap D R Ry Weppropriae
intechralsy efor leyamhple, 16 pexitivhesubiteatasribies tda0fanOompPesitions or for other
reactants, In fa%%ﬂgin some enbodi nents, | aser

Progsy3ing guisideratigns prcoihs likan Thes dostaiiict Bel flamaiat easti seperally from
an WRRMRAO WhsdcRlderol 4 gbkrafMHaRRN Wﬁ‘%usot%sgrv%ﬁtdgen]tera%?ecgnnected

the reaction, in stark contrast th pyrolytit a
throyigle armant. i dhe eehfpwi @nsbecamcetetalyndimded freo quigght treasomfzone, a

he ,conposi ti ons oduced by light , 15 reactiv
reac it SR e e Ao BAC DG ettt fotnd 7 ot St Frspseirern from
the 8ROShdtioANzomaN TR sE etidephihietbnel ebabdiNehYy ROEELREIMPIN defined

order to produce conpositions and corresponding
boupdsaies, ijBoughtihis clpesitiserie ppimp et preduct fspressent to defimas profhe stream/

ﬂo»\pgn%dtHgtE)riU' %V}legé?ﬁé e r%zrlcitd%ttsi., @3 pirorziﬁllc:tl'llggr%gentt hmethg rre%@t%tt f.lo“aiwsf/ stream.

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

In particular, the versatility of forming particles with a range of particle compositions and



10

N
(W]

of the coating formed fromthe flow, although other
factors, such as tenperature of the substrate and
coating paraneters also influence the coating
properties. 20 For exanple, the reaction chanber
pressure, flow rates, conposition and concentration of
reactants, radiation intensify, radiation
ener gy/ wavel ength, type and concentration of inert
dlr!ﬁ%ggéﬂ gd%{teo[gﬁ Gfl?e ogrtntg%%en {)f %gsgb%‘ﬁ \g_gtarml?tmg deposition with a
coPARBIS irdrige in acnﬂpc@,ttmg alll @Refikdses of the product flow,
for exanple, by altering the time of 25 flight of the
reactants/ products in the reaction zone and the
[ I | h . cor nto..
LY PR sl P LR BaaBRERE g b R SR BBl i yons arven
by parihteads! radiati @leedilivantwith fapidspeatting of ﬁ[@dﬁ(ﬁ@famcles after leaving a
condi ti.ons can ?e?%gntrolled to_yield desired, product
naV iFasHeih B qredetingh @y dhpadishpt d¢ aame. oy e és @ mosagmer in the
serk R4 QUG BorR AORT heh Tasky p&r&fs E&c‘ﬂdé’s‘: snfohngngsm&ﬁl' At or other
epend on the design of the particula par at us
radSp@mbfeam, condplacoths lassedAtso, BO rgactoiu Gencs el pyedleds in the sense of a

t|n rticul ar .apparatuses can eter
e BTG Sihe | GedRRhIPTT N FBHES Tod0] e HEFBry Aoy by the
exdﬁhérﬁ1@l@&h@@s‘hbﬂt(ﬁ’ BERbdctaerl  BAiES! BN eI%HB(ilﬁl%flﬁD[ager pyrolysis
some 24 general observations on the relationsh i p
reapleanaeren be earductsd undardéanidiioss amidret e visidbulight egrissions are observed
ti el ocity of the reactant
fro q.HPPC%Etl nst ?gmprr hep}areﬁf%c;ﬁame% the coating.

ream can intluence t
Another 5 significant factor in deternmning the
coatlng paranmeters is the concentration of product

The 5pdET £GNGHIR AR ﬁetﬁﬁ‘é‘nﬁl‘i}&dﬂ}@ﬂ“l%ﬁt plotig corpasieprigpropeced by light
rea&tﬁteade 5866 nﬁ“ﬁ@}éa%naé)n\q‘ﬁﬁohs a3 11RL realb @ @Ud¥Sition can P% Ic%ntrolled

concehtration of cond ensi ng product conposition w
relativelypprodeady ifl ader eslpmdslccr rompositigweand avtréspbadigg @aktings with

smal | er. art | ati ve.cangentr t ion
desisP BiRaRneT PR b BRRube b ORGP FE By HTGE fesnbroperties
of thletddait®n ferRied EMsHh Mo ﬂSwQ althddaﬁr6thercﬁ5'ﬂ9%5 'sﬁé}PE’sSte‘Prfpedeure of the
10 changi ng the pressure wWith a fixed ratio of

subg i@ énd Feryng metIRaters alsn mﬂt@em@ngpﬁglo woppsi-ti ons,
with a reduction in pressure generally leading to
reduced total concentration. Also, different product

Foroomapodd, theaRsctihavhambeepdanty oo ©ed] estsosaiontindf@hedtration of
thin the product fl ow, whi ch can

rates
reacigpts, e@%%ﬁ%ﬁ H@Wlt}’ ﬁ?ﬂ@@?ﬂ: gnqrggéwgb%{tﬁpg{@ yphand goncegration of inert
d1h§Hmrc}f’0a§é§Qn tﬁ@r@%&tgﬁnsg%%nﬁ:@ ﬁ?& rbfk? Isé%#tgﬁtt 88y L9 affect the

adj Ust the coati ng teria I nterest
congymiseoalang othec Ipmjnemes of tl@qambmce ﬂo&nﬁmm@u@lmvaﬂtemgme time of

g $ R GHer B BP0 Ger P PR CbH T oML gfomic secies
that recombine into product compositions in the product flow. Thus, in a particular
embodiment, the specific reaction conditions can be controlled to yield desired product
flow properties. The appropriate reaction conditions to produce a certain type of product
flow generally depend on the design of the particular apparatus. Specific conditions used to
produce selected coatings in particular apparatuses can be determined based on the general

principles outlined herein along with appropriate empirical adjustments. Furthermore, some
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materials crystalline materials are of particul ar
interest. In |light reactive deposition, the coating
paraneters, for exanple including the nature of the
substrate surface, can influence 20 the crystalline
or anorphous structure of the coating. To forma
desired conposition in the rg@ction process, one or

nor e precursors supply the one nor e
o al { met oi 1.8 ny secondar
gell el rrg{ﬁ erv a? g © gotfr?n ?ﬁlggr&é‘pl rb keen r ggl t‘f%ﬁl% a%% the resulting

coﬁ@@ﬁﬁmﬁ&a@&éhbﬂalar interest in deposrting si |
con/ ger mani um based 25 seni conductor with or w thout

dopant (s), associated |ayers and/or release |layers can
S d .
IEPIIRCLS & QR 8l L BRLECLSH SR b s ot
sw.mﬁc’tanitefaatolfreh adetanmntchied efﬁﬁen(tszgSpiﬁdjnaérs dartho lond&:htriitﬂﬁleblﬁ product
hor us and sulfur, that can be

l'i.con,
Cor?lr%%%?%r‘ér%@dgrerﬁfﬁ Yoh Py RdHgng bRl coprpustion g well as the
reldth@ &ﬁ%ﬁ@ﬁﬁn %Joﬁ@éﬂsmg%ﬂﬁfu@ O RRfBh | 'w?(ﬁ?/h ﬁlﬁg (ﬁlﬁ?t' ﬂoggresults ina

metal and, additionally or alternative
sloereenamcls %@V@sramnki sasllanparsdee cladrebtive komeytratlcanefindoadensing

0 for S I , optr nal |y, dopant (
p rOdH%I “r ve( go}led;%b:ag'ﬁtﬁna"gg &9868? IR ¢ H‘r% ﬁ%‘@z’osmons or by
chfgfrigl edl PresPirOduRh £ OARAS ttib0BS - corihs@NBRALLT N rBB condensing
t he reactant stream can be adj usted along with t
comppREEtaneNV el AdFAUCHAI &) Pressyregesmerally deadingi toaedysed mr@lt concentration.
Al%;&ﬁf Ll Ero\ﬂ'h&%oﬁ@?ﬁ@ﬁxfs hag? ‘ég OSI tt%) %ﬁaéeasgg g c{ ?fgrﬁ:n{ ra?es ‘within the

prodoadﬂldw owkich tchxe cpireguedinglo ﬁﬁﬂ)rSdntd: mswmyo dedsitgavie dufifnary, the
same pro ortr ns of metal/netalloid el enents as the

CO%&W&W selpriedto gaisking seMing deayitys have
di fferent effrcrencres of incorporation into the
product, i.e., yields with respect to unreacted

Meatrgieksr palisteresiogenasal]ly timdudgmduntexahiplen eoopdioas i mateidls, crystalline
anmount .of tha

ach elene s a.functign of . th .
ma N A TR L et AR08 funile ey Gy spmiconductor
mateﬂ@l@rdﬁyﬁa&hm@ﬁlaﬁeﬂﬁlsbﬁe MR dufR | ihtéresl 2l BhRdreR@8R2AdPBsition, the
the teachings herein to obtain desired conpositions.
coaftig Paig@sicn orgxample ineluding e paspre|of shef sybstragel parfacencan influence

me%ﬁgﬁﬁgfefg§$§?@ﬁ %ﬁ%ﬁgé@ﬁg gjlg?n are designed 10 for

reac 1 ows. Furthernore,
additional appropriate precursor(s) can supply any

esir ant/additive elenment(s). Wth respect to
To g"a‘i&?o@?s %énp%ﬂélf)arlr OF AXACHLDTOFESSEARE O 11K PIERASAT supply the one
or BHRTh&A)mALORE cldnfSits dsn&af Q?gﬁ}age%o f'xe Refs thAGhYS i¥edesired

of nmetals and nonnetals. Metalloid elements conprise
coni®sigion | Cb\ﬁ‘ulegélermrﬁ panticlder omterestr e Wepgsitagdsitiedd/ganinamum-based

omth I 1h, [ b, |
serGrepgata oA 1 A PRkl evedued e s et fvers can
corﬂ;iﬂlséa&hf)d)s@tfbntsQxlf}h&l&te'@aéebondﬁﬁt Abief. JEQHBar) eldh&its include, for
al kali earth netals of group'Il and the trahsition

exappplea pen-mgtahrctafietdagl ementp csuglel @s czﬁb@ﬂ em(targ@h.eslhednu phmhlvrous and
sulfgxaltﬂat o bé [?;r%brlf)g}ated { atllh %Parlng é)ro ué{j (‘eo Slgllfl)}:ln éﬁlﬁ Jgactant stream

poloni um
oenéryhiy ogepriset hig: dbtdngasasd, Lditdeedlly or alternatively, metalloid elements

as well as any selected secondary elements to form a host material and, optionally, dopant(s)/

additive(s) in appropriate proportions to produce particular product compositions.
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20 ni'trogen, oxygen, fluorine, phosphorous, sulfur,
chlorine, selenium bromne, and iodine. 15 Light
reacti ve deposition can be perfornmed w th gas/vapor
phase reactants. Many precursor conpositions, such as
nmetal /nmetal | oi d precursor conpositions, can be
delivered into the reaction £hanber as a gas,/vapor.
Appropriate precursor conpositions for gaseous
Livery. ral |y include conpositions wth . -
THE LRt on 266 Rl BB et P A2S64 sone o icBarasstion condition(s)

toSgdbiatd @dtred Brod@lt HRSHAEdiBTRYELSo RbmPEEE [ i
as/ vapor into the reactant mgs?r eam r'FEe v(gnrsse prgpprties. Based on

g . »
thR FRECHET Feagian ¢ reaskipa cprdiganssbe pratwoosimpan®ne amyhet have the
aprg%g .00 Lncrease (decrease) the vapor
SO srg ?Iégrgsf$tﬁﬂgetalzr§g%1&?lg 5 re,mepés 4 31%% rre%?i?mtéglaaf“&l since the elements may
hypeeditfeor sffganeiealdf finedrpora@at eflo e pRIJAEUGE. Jriclds with respect to

sufficient vapor pressure. A carrier gas can be
U EASHIR PR ugﬁwquri HaiaEoprted unepaporatian dfzeit ¢lemewt is a function of
thelhoMBr ¥ Rf I: t cursor vapor. .

Si.r_riol ar | yt; taa%rggﬁiug?%g%ga %gr? OgJé aH%g%eseefgaS@%'r gﬁ‘ﬂgorg%qaf‘%“ can be
engrecallysorluadftased ot alietedetlingseticyeinfro lob@iP G $BMmpositions. The
dv1|<31ggor Alternatively or 25 addjtionally, a [iquid _

D T OF srreactant pazadvs: fok rackiatiog daven SRt isesrdedheremn are designed
fob | Melds GOMPRASH tda0AnLBowdt £ i r ESSUM €.

The e of a frash evapor at oran}?%ngge:ﬁt% ?Cgﬁ&?%eap PloBiRg precursor(s)
cap S¥RPyadBolssiregiapenysidity eptamentigs a hi gh | evel of

control on the precursor delivery into the reaction

chanber. However, the use of exclusively gas/vapor
Wphasgetieac tanpssiian, BetLlals! SAHIG8e0M it T&ERRCthnQcal properties
. identification of convenient types of precursor
Interapaginds Prgisen poinchusive & mptelstand rohwstals. 5Mewbhidi deresats comprise

1BY S Remule p -0 i uce @aerosol s cantainin
brectr sor gfh ‘éﬁﬂgﬁ %ge%tagﬁ}%ﬁgﬂ oi 8"‘6?%&?3’%@?%?0}1?& g) IIb, IIIb,
IVbe¥bt Vin ViFearleVHIH are réfemrad 0gad frgRitiodrhMeR. 12agdition® the alkali

L nproved aerosol . .delivery apparatuses for flow ng
me It E P Lyibt elfel 470 ety o iean Urepridhe Famsitiongnetilat aher metals
incﬁad&?@oQ%@ah@le@eﬂﬁmﬁfunﬁt gﬁlium, Gfﬁlcﬁihltnl gﬂﬂgﬁgﬁﬁ&rﬁ;fead bismuth and

Del i very Apparatuses,” ~incorporate
pologfugt-e Ao e nomveesal/ masaltuid etenhals meluyle dydiogers th@noble gases, carbon,

~adapt ed for, li.ght 10 reacti deposition. In sone o
nltlg)ﬁglg cﬂq(gfﬁ% , Sﬂ’uoi‘lﬁee. p&g;p&)géqusi g.l\f ﬁtcﬁiarﬂlgdseﬁ)qﬁnlgngkggnlprpe@@@d 1odine.

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

,gileact antq('gs) ...5 Using aerosol delivery apparatuses,
Lighpreeet 5y e adt caadiemssionneshwitl gas/trpotiphasy esaednisy Many precursor
cofbRRRNYI N9h tRELG hbhons in a sol vent . - :

I%I%t ernat | v_elay, p%%%?g%H rré%lﬁsro § o7 M RBHPEE tc?rbhg defiysreg dnto the
readiogpdagiber asm gasagod. dApplopeat pfeelirsaeE sitid8s Kt&a¥eous delivery
. le_é]ﬂu,l d precursor. conpositions can be delivered as an
genglaly s OFTUAY IAMPORERES MHurersonebleuVeRqs| Bressugasi de., vapor pressures
suffli&Res SQRsiAd AndunBUtifhrSALE LN OpQle L BALLANLS

can .be_gused.to obt ai nfq)ar\ s%gni’% cagcr)@%goe%g eaaﬁ%‘n&tream' The vessel

holding dagHputsolidpreoursi coemposidpspenderteaedicddesdy &) potast (decrease)
. : . It

the %%{)‘Areﬁ’r ss‘tjlrees<l)fr 51% ;?r(reco rseorr,t {fedgési?gd.t ggli({ %?e%urtslorlgggenerally are heated to

produce a sufficient vapor pressure. A carrier gas can be bubbled through a liquid precursor

to facilitate delivery of a desired amount of precursor vapor. Similarly, a carrier gas can be

passed over the solid precursor to facilitate delivery of the precursor vapor. Alternatively or

additionally, a liquid precursor can be directed to a flash evaporator to supply a composition
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sol ution/di spersion. Suitable solvents/di spersants

i ncl ude water, nethanol, ethanol, isopropyl alcohol,
ot her organic solvents and ni xtures thereof. The

sol vent should have a desired |level of purity such
that the resulting coatings have a desired purity

l evel . Some solvents, such gs isopropyl alcohol, are
significant absor bers of |nfrared Iight froma CO2 )

er _such tha ht a
o RN e G Ry o R Geoa (et RTROPE b SIETIHE M piagmascous
prebirséts %‘ha&eﬁ High WseH ofodtrdll 6 tthes BricEBor By ey eg@HIth®reaction
conmpositions for aerosol delivery are dissolved in a
chagglent i on generally with a concentration in the
range(s) greater than about 0.1 nolar. Cenerally,
i ncreasing the concentration of precursor in the
Hos®ldif hesd staskelasiesly tdagvipor phigh paiktadfs caeBe tiallengifg 0itdhespect to
the 10 reaction chanber, As the concentration
identyigalan @5 CORSTRSPEYPS Y RIGFUTRQToTPTRRRRIUBBE SFeSqFRY glements.  Thus,
u e Y
teci}ﬂ’h?&grﬁaﬁzgﬁmt E@\felogggltr@ef @Lk]ce”?éf%é;"l’s €o é@tﬂiog ?ecﬂs&]g, such as
metsabﬁnﬂtailmid PEAEEOTLY attd orrad@n  thandlerse fa iﬂaivarg: gighf driven reactions.
factors i he sel ection_of. a. suitable sol uti
IR SO 6 R Lo SER T AT HDS Hrefesirbgh further in
U.9. ep&abidiVe, 1990961 thi eirdrer desicr thafaf ugdeh: 'ﬂ?elH‘e%r Apparatuses,”
Patent 6,549,334 to Hone et al., entitled "Optical
incqvperared dleteimh refeysnéd alh@e repstant ddivenyi sysemporeatbedidapted for light
r ence net a
rea el S eSS RO TR et e’ ST g 3 3o B Sgich can
conffris@sn &Rt gaqeg‘aniﬂatagatebﬁsefewim(s)es pecial ly for
enbodi nents involving a plurality of nmetal/netalloid
5 elenents. If a plurality of netal/netalloid el enents
S v 0
U R o aPRZa RS R iy rafrBf SOHEPOLo S 18 ddivered by
dissbbingithlei wemp51t1MSomt heolvenc tﬁdretnatlﬁ/élyvpcasdeaecs preglireor compositions
er.osol tively, the

Evrisedt 14 B a0smea e 2 nP v g8 agecsrpn pomppsitions can

be d?:ilUér@dl hd 3h &@os%Pﬁb%'aor[é%{ l‘ijcilﬁdp %ﬁﬁhlﬁﬂ% llhbl%tdlﬁ)%%lm%rlﬁﬁlﬁi Hlution.
formed into an aer osol generation of a plurality

Aer@$01aé€ia©t§@i5s camnbebeused| fsf ucibtam eoﬁngeiﬁicerm rpacee@ur@mughput A

Lead bl e/ di.sper
so BEFURRIRL oBr Bttt o B YRS el ey gesulting
solutiohidzgersigel. | NEGitableC GFRRAtsPRPpedshr@yy ﬂ‘n@lﬁldéelviaﬁéer ¥ndtiinGl, ethanol,
the reaction chanmber through a comobn nozz
ISOPEPRYS RI¢aR9y Riher orgamir splypRts W mixtaees tthargofi nihsy %ﬂ\teahsli@éld have a

desﬁ’@iefévélcg uIPi(?v %%%%QJ e rgs% tin\éec,roﬁtu(?cf }ﬁa%é%sgésugﬁl %{n?tﬁal%vel. Some

vapor ctants into the reactior chanber suc
solvenhts, suehcals aspsopyhrakolmlt hriersigriificanealsbiters chaufiaesd ljght Glom a CO,

IaseE 8’H;§d‘éeittnio tg%o}iﬂ%b% Cstgllfpgxgd%q%gg%sggng%? l?e&?%ﬁgi within the reactant

strefiR MY COL1a8Es &ed APE BoiQBarcéMet al / met al | oi d) el enent s.
For exanple, an oxygeén source can al so be present in

t he

The precursor compositions for aerosol delivery are dissolved in a solution generally with a
concentration in the range(s) greater than about 0.1 molar. Generally, increasing the
concentration of precursor in the solution increases the throughput of reactant through the
reaction chamber. As the concentration increases, however, the solution can become more

viscous such that the aerosol may have droplets with larger sizes than desired. Thus,



(W)

10

10

10

reactant streamif the objective is to form an oxide.

The oxygen source can be the netal/netalloid _
precursor itself if it conprises one or nore oxygen

atons or a secondary reactant can supply the oxygen.

The conditions in the reactor should be sufficiently

10 oxidizing to produce the oxi de materials.

Simlarly, the reactant stream can conprise a
PSRy Db PAITLL Pl B S seion o «

sueablodblmod Sordcontddiiofl Thb&ise OR hétbd] AGHc288UBH N6ht reactive deposition is
conditions within the reaction chanber and/or to _
deserifte i fithe EhS PeHI0 5331 toiftpras eh@lntestided ZOpsisel Marerials And
oﬁi' [ 808l * AEohEARKI MR PAUGL 5. Sui table secondary
reactants serving as am oxygen source for the
formati on of oxides include, for exanmple, O% CO

N=O.. H=O. ), .0, .and the like and m xtures thereof
Cfsraduing @%ﬁéﬂ%%ﬁ%ﬂﬁ%ﬂts SHRA Jediierd abhps vanop allgaerosol or as any
cofTHRREbARIM S f, EJb%ciQF\tf 3/ gﬁﬁ@dhlngﬁtg i@v[o?ﬁﬂé Eig%lugallify 8fr méatab’metalloid

conmposi ti ons conprise 28 oxygen suc
elgpagrts. dha piuralite obxgglmetatiodrebohuits ipaeliverédess dnsaerosol, the precursors

cont r.i but ed. by the., nmetaUnet al | oi recur.sors. .
cog PR P e SR 0l o SrBEan oo oy i the reactan
floSuiat abjile @@bRON SRMHARSIY, M PRealitf OF neXAMRioiCeldheRs can be
a range of other hydrocarbons. Simlarly, liquids
deliaer agthin soplvetity of sphitisasidispesionsethes ate dertaraely yfowaed into an
oA R A B G GSIPLYs Bl SR & Rl precrsors e
notrehdily svbibdd digpedsiple &€ b esian®n CONBit Bersantd e pBality of aerosols can
S€eco d§£y el ement and/or if a sol vent/di spersant
bedBﬁﬁ‘&FﬁC 110 By PENTIOT, 282 faValios deleEn anfarthe reagtiom shamksy through a

coR@onbizRee dekffivey Qlﬁgl_rglit?fe&f%gﬁgM iBleRMBAL b ?%cel for the separate

product conposi ti ons. orman element in
delyvenyl ot gerpgobwnd/pheapoo nadictan s istoi the rdaetiore elcimben suabn®@atcde reactants

.be.adjusted. to be appropriately reducing. This can be
mif SRR Ldin e g on & supdnod b FasRogbsry 5

reactants in view of the nature of the nmetal/netalloid
__precursors. Suitable reducing agents, such as H, C?H4

Theg pepdugiecqrnesitionn 1psoma cmhedungnts, che furdee camprifd ow, or more non-

Lt engnt forns of silicon rmpnium .
(bR Lmelt e P Bagl € e e Bl SR oo PIFE in the
react@aic btra@ns ifs thehotgectivhels decomposi bkids. ofhsidxag® (dvird¥ran be the

rmane. (GeH4) or the like. 5 Light reactive

meg’zﬁ’t’??iﬂﬂdoﬁ’fe@g rki@el};f)éfftcﬁomsﬁ P PABPE BigCMELomS or a secondary
rea¥ihtl 84 s@plPRid 6 ech! €TUENGhESions 511D &t ol 85 Sifficiently

or other ‘intense tadiation source, such as an are '
oxifligmg. toQundwski thaoxideghsteridauriimsabpehatreactant tthem can comprise a
infrared portion of the .electromgnetic spectrum
mmﬁ??ﬁ%ﬁﬁﬁﬂgfh%kmnWﬂVEPéHB?ﬁ@'can be used, such as the

visible, ultraviolet or infrared regions of the

spectrum  Excinmer lasers can be used as ultraviol et
Gengtihve esecomiory agsaetantar earparet i used airl ysoumsefemibodouantsesto  alter the

oxidizing/reducing conditions within the reaction chamber and/or to contribute non-

metal/metalloid elements or a portion thereof to the reaction products. Suitable secondary
reactants serving as an oxygen source for the formation of oxides include, for example, O,
CO, N;O, H;O, CO:, O; and the like and mixtures thereof. Molecular oxygen can be

supplied as air. In some embodiments, the metal/metalloid precursor compositions comprise
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10 of infrared light. Infrared absorber(s) for
inclusion in the reactant streaminclude, for

exanpl e, G#4, isopropyl alcohol, NH, SF6, SiH4 and

03. The radi ati on absorber(s), such as the infrared
absorber(s), can absorb energy fromthe radi ati on beam
and distribute the energy tg the other reactants to
drive t he pyrolysis CGenerally, the energy absorbed

oxyg egmnsél%%gh g ({r abgﬁgn %f rtheeasxeviﬁrtérfr%e giogn?t%a?ttl#r ertsactongrbuted by the

me@@nekAlold/ praBtkdls. beunmel HERderbYouroe@tiRaNidH, Gor dx@mple BIMB. Suitable
under controlled conditions. In light reactive

carfjeip 6QUrEFsomCluge.nfor gramplet el elseraneg ¢fyetbirylyidsogarheae s Similarly,

11q1§ Eg uge%aa%tzi 90'?\/691@81%8&?&1 ltsforqel‘é?osbl &l v\éRJ é/and§1rfnh§r a)e @ontﬁ&gcmsecondarv

e process lon reactad

reasStants G@theﬁréaﬁctlaﬂi eBl @hdfraaﬁﬂs G)fmnekmlmdrélmera@ﬁxetallom prScursors comprise

driven by energy giyen of f by an exot herm c reaction.

a dggredrpfgeidary GIHMPRARYPY & HEYPYSIUIBRISAY GopIPriges oxygen, a separate
bh U002 RW)OAASHS Rk td hs% 1§86t {20 daSy N@mdH: | 368 Nrod
Sabyég%ngrgytglv%n of f by the reao%ron %ut Sy ener gy "product

comprsgrdned from a radi ati on beam 1In particul ar,
spont aneous reaction of the reactants generally does
not proceed significantly, if at all, back down the
To 'F&3¢ b BlermbhOW thopRAaGkt tridgy, ARZBhBitHEOT the eeabmrrer&efcfah ee adjusted
of the radiation beamw th the 5 reactant stream
to bﬁem@m@}dy rmcmgoy’vfhe%wndee spspinplishad shrohelt thatbalanee of secondary
reacl;tgr%g S o?q Y %’}ge nl o Ig%f’}tg? I Fal/lmega(ﬁmdl Ifrecg,lrgo?nb ui&e{é)geglield%cr%ng agents,
sucho@e{ JWCEHHD, #nd the Uke adnybe mbledéc:emorm: edactafnow S Addit@aalandlemental
the residence tinme of the reactants _is Io%? Lower .
forp f alicogr gamsntuan 2pe Qilseslameys srbderfermes higugh decomposition
& | Qhd O | ike.
iR e eI e S
The product conposrtlons generally depend on the
nth ctlon zone and the
LichPp R <abBs ppEr R R G A Btisbhor iRt adencies
usit@HeP APASH bi QRerQhtehdearaliBgst dRtcel sIRW 8RH atdRrdpl gi‘anement light
intensity in the reaction zone, the reaction product

SOUEGER aperafee gt Suputsifiigreg pastion off | thel elecrrmagreﬂ@@pw@nn although other
Wa\%@%@?ﬁ%%&\# ég u%egihél.tee’% A 2}@3‘0 1518&1: ul a\ 10 e?mi l‘le arreggrte%lm Sl)osfqhe spectrum.

Excmrberull‘as@@%)bet @e@b@tﬂlha&@&@ﬁburéd@ |OCghEsereﬁ€theularlv useful sources
pOSItlon t he reacti on _zone is rlnarll at the

of wigradapshts * Infiared; ghsersEanfoanaclusien e b asclagt gy include, for
exaﬁlpleh@ulgh 13139 %bﬁa]&(ﬁ@?t\lﬁnSFO@ﬁi{ R X0 Qadlzg% a%ﬁg&t Z’such as

few m| ters béyond the |ght "‘beam ependi ng
the tﬂf@mﬁr@s@@a (S)hcamaabscarb eodrgy Fremrthacidiation bBanAand distribute the energy
; %ﬁ ng %es can.be used to reduce the anount of
OtQ ?5WFZQ O Gr¥uhEPYIRYE ul es  contacting the
react ant chanber conponents. Inert gases can al so be
introduced into the reactant streamas a carrier gas
Gergridlyorthasnergy ealtspibeh froderhst bght Peapr dpereasee theidemperature at a

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

energy given off by an exothermic reaction.
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generally include, for exanple, Ar, He and N2. The
product production rate based on reactant delivery
configurations described herein can vyield product
production rates in the range(s) fromabout 5 grans
per hour of reaction product to about 10 kil ograns
per hour of desired reacti omgroduct. Specifically,
using 10 apparatuses described herein, coating can be

Th?sgﬁglgelgz%cﬁge geﬁ?)tslttlgags? nq‘t é%fh%gB%lLH\r 6sr1 a%}ﬁce t*t%regft}%trls not driven by
en@FPGUENBAMLS thdreddiion bargedtieybs@bed £8:@la ra@iB@dH bebB0 In particular,
g h, in further enbodinents in the range(s) of at
SPANERSUSABRAIPND 25 Oﬁegﬁrptarttwwmﬂmd@ﬂanot REpRsee pigaikicantiyniftah ell, back
dowﬁ g'r%%ac an?ﬁo@ttoxllga%e r?ol%%llétIm;n 51' (u?t?rr Qcmoﬁ %E” t}?(%%iﬁlatfolﬁgt!eal)n with the
€ range up to a east
reaﬁtbﬁlUstreé.rﬁ Kﬂ{létessérypﬁt‘esmm ofin b¢ d10El£ffeyI s8ii thht the réddgorBFdne remains
will recognize 30 that production rates_internedi ate

corrf@fe@veérhatcﬁeéést@%gﬁr%@rt tfﬁtﬁ‘oﬁ&ﬁl?féw Paedl-gefiged reaction zone with a
bor@?ﬁ‘r&‘p Pl L RHoRDGheAs "?ar%é SJH e tOR HE@&I%QB{ ﬂte%dc%wl? %ono Lower
l'ary rates of pr pro duction (In unrt
thegnal gsadpmoduie eehepay Iimlant)m |thecdomlelsmcm refaorr ange( s) of
not |ess than about 5, 10, 50, 100, 250, 500, 1000,
2500, 5000, or 10000. In general, these high
In &m@EHCHh ALbef/BER SN rd8HAEMaO¥ %qtrymm @i il Rgeshi TR product
coatlng uniformty and relatively high reaction
corypqgttr@gs gmr@&aiegm%w I}by r@dq@opmoweom bf reactions zone and the quantity

of By aFRIRE b TBre ot Sunyeflinefe s o TS repriapt flow and
the Qmeﬁtdilhrqafrﬁme REREPIO b étle thel i dioh BRodleNEM Ked@bioBGeibllytontrolled.
general, the reaction product yield can be in the
Thg 5ﬁ@félc§)terapera@rq ot R Boc ser dsntonfaleddows a wade range, for
ArlplE, 1 86 rdi88E1 v anbtk RS t
erch st B9 B8] AP bR I o GRATINIRE: 5n Byt e depositon,the
rea@wb adnersmirsnarily tihehe roaedpey( <$f)th®1lle%El&de thatsacttntGream, although
ercent, in other odi nen the ran S f at .
the REREEN 5Bt B0 SHEP Lt SHRPIen o1 5 a Ol TGO e ight bean,
depBRRLb BB heecisd chi8ctbPdTdRE &hctRh. at | east about 95
percent based on the limting reactant, generally a
nmetal /metalloid nuclei in the reactant f|QM/ A person
An e TR So ke b b B3 tsviniel FERS i Gab gftgct motecules
con)ldc&rhgjﬂnewleﬁd’tarﬂ chiuB&econfRBkits.C Hdélt d&%s e ake beanpdaiced into the
and are within the present disclosure. 5 Materi al
reagih GEFAT G A FATIPIGATS RNt 3sva respers Mademiora ApRypiTiate inert gases
genglght Mgk BV %TIF% %UHE PRposition is directed toward
a Substrate to De coate The resulting coating can be
formed as a coating across the substrate or patterned

acc rd|n to a sel ected struc In_additio
S ich B PO HOH P ST OGRS UBEHaU Gocrbed herein can

y1e19 r;ﬁ’@(ﬁt%ﬁ 'pﬁﬂluct%ﬁcﬁtﬁ%smhtﬁé‘traﬂ%gf?tfm?ﬁ‘ta%o@tr s ek ghi Ber ha_tn'eof reaction
coating 10 parameters can be varied to obtain the

pro@dless it albout okt krh@repn@pgr hquaf desired reaction product. Specifically, using

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

the range(s) up to at least about 10 kg/h. A person of ordinary skill in the art will recognize
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It may be desirable to forma powder coating using the
i ght reactive deposition process. In |ight reactive
powder coating deposition and the like, particles are
deposited as a soot or 10 snow, which is a very
porous structure with a relatively [ow density. The
particles result froma nuclgati on and quenchi ng
process within the flow The powder coating may be

desir e wth r.es to,the further 0Cessi of
B EO | TRTRRRC SEHET (8 CcRaPg o PR oD raes  are
coRRAPAsid 1208 e GomaP|thdaibpat thiRidtater | Bkerhflhl Rates of product

desired form Furthernore, the formation of a powde
prccdelau@m@nrmyts l9é cteyes plodpesd pasd@opYringdtdom Ge rangeés>ecé§@t less than

e dnK e nts, the

ab?f?% 0.0, tlB(? i;opﬁ%%ﬁo% 7@9605'6%0 m%%b@'.‘;e s the

usi ng deS|red processi ng condltlons within the

reaction chanber. I n addition, %g reacti ve dense

(’OVG

In gepaah tthess higs RIQAYSHPR|TAGH y:abrlzfva fl hwhijhiobrainyng digh coating
1
R8I0 Bl PERTRLIGOPEIADR SR EE LY L LARID, ot petgymenlioid
nudeihashd fiew alc aret iageporaed mrbhlafr prappit campestion) atpoaiontdfevhich are
. densinﬁ.cagﬁgg controlled over a. rel at.ivel Iarg :
mcpgwéaée ey ¢risg coatjng. g %e[ng{a the é?ﬂctl?rég UGtayield can be in the
randf@(@ﬁ§f 4t110R: &5t 9@ birdsrt tREQBAChe lihifif¥EreadAR hNEhRlembBhithents in
rates at a particular density without’ sacrificing
thet Ih&ﬁﬁfﬂaﬁ iat Jeastf abioheSE percenigin fwithér anemdanents o tha Mmgem) 109 at least
pr.o ert e rea .dep
bR HeERar st i P et SRS sl a0 apint and in
addighseembedateniigs thé raioyG) af bi Rest rmb@tr%abéuenwaatedt &ethe limiting
deposition of particles, the short range order of the
reagigpp 8gieraliyri rp%talr‘m%é@o f Ruelpian gaerreacsané flpwi @ pergon of ordinary skill in
thel I & ’Elﬁféc’o%ﬁz& at 'a&hﬁ 21 Ges l)?éﬁ)rdﬁ& aﬂ>r8&l§tu@§tr¥¥%§ Bnd welds within
particles~on the sur ace gener re not energetrt
theengpaghc tvalues adte cotthreplpadtand kresvithih aablpvezsemt@hsctdsener
nei ghbors. The overall|l structure does not possess any
| ong range order, even with 10 crystalline particles,

Mab@ial DRbodi P! ycrystal line material results. The
reacti on g rameters in the flow determnm ne whether or

In kgt reapiev pitipm s taghdy amﬁvrphﬂw 06pr06u§i§pmpb$iﬁen isThmscted toward
a sﬁgsrﬂl%?e obglé cgﬁﬁ? p;@gg e|51\1/lE6n% CO%SI é/ nbé) Vr\%%%l a%géltc%%?lgb%cross the

subsfrite ok ipderhed atdoeding ke al L@1Rgted %ﬁg&uﬁr dElf hdgticf thdEoatings can be
nmaterial. In light reactjve deposition, the resultlng

mogibise |ﬂﬁguglawbé@us%w PIRERFSINEsTHSH 3s higgh g@amee@rorcﬁﬁqwr)q The coating
parBﬂEt&%rcXﬁ'B@L 380 Ol Ihhe d&%@h@ﬁ%o ?Fop%ttt})@t alline. Wth

respect to the coating process orm ng a dense
coating, deposition rate, product strean1veIOC|ty

e SERIE LR VST b1 PRESTE Gl D et ehepositon process. I

11.}9%&‘51{ abbRBerOfoatile dSpRFhAINE thiiikB FLSPRECIetRpbHRd as a soot or
i ght reaction zone and ot her reaction paranePers can

snolye whihuisteedery eopiusistattise with setlettely fev deystyal Thenpargcles result
fro" Oggcrléaltl%% a%fd c}u%gchrlr?os lI%rotclesrggw &f?lgtti'xg %O\RFU%Q %B{Ua éoattmo may be

desirable with respect to the further processing of the powder coating with respect to

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

formation of a powder coating may be useful for the formation of a release layer or the like.
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substrate structure can influence the coating
structure. In general, wth Iight reactive deposition
for the deposition of any density coating, the post
deposition processing can alter 15 the formof the
coating with respect to its crystallinity and ot her
properties. In the light reagtive deposition process,
to forma denser coating the substrate can be pl aced

10 claoser to the.light reaction zone, the lLiaqght . :
In SRS E Bo e e G PR g T Bt of pyjne desired
prodéssm@RoR@bickBas e refc@ibn thenwroduct i on of silicon
fromsilane, increasing the amount of silane in the
reactant flow increases the flame tenperature, which
can.lead, to a. de r -i Al so, .the substrate can..
B R A TR S T 1 L
forlmOduert doaingdshdirectly dront engeriad floe. durthbendepigsit r@dtive deposition
material. OQther coating paraneters nmay al so affect the
hasgheygvighiago e var RENCE BRRTPITH IR as 8 depdibyfgn e canteqiied ver a relatively
lard¥ BHLELF Yignstitﬁe%ndﬁl géntel%l,r fsHe &Lt O d‘ég&ﬁtiﬁlgcanp&ﬁ@gphl%ﬁﬁct to the
Tor any particular~reactor apparatuS, the reactio
cogiag anetrg hxhaams btea patjladdreldnsityasidduosactifieinp elaecdiiatiysof the coating
.herein to .performdense coating deposition. In
W“B@WB?%F?“PREWFyPB BPPFEYeposi tion i nvol ves a fl ow ng
reactant streamthat intersects with the radiation
beam at a reaction zone where reaction products are
Lighutssaiyg dapdsytiaeqon otfeeaiditnaadyartagasyg thrraspect tordepasghom of denser

.eactd ve. deposi.tign, t coati. of the subsirate ca
colf BTAGHAER TR Wl B EEEOHEh &kl MA bR feg fer o e
corhptlsBib8 ePtised inawe badidletfidr te atdrh@idon 20 AR, codtih€C tdtdfactions between
capturing the product conposition onto its surface. 5
pariiclogern theetriaeizengsdly sreaetanerectio groughrio redag|the patticles relative to
thei! rh'e{@f)(gps.prﬂ%u ferdil Qt}%cm@tdogﬁﬁb‘tl ﬁo%,sésg aH?'l&&U Mngé %@&e’r,n&'en with
properties. The uniform product conpositi dh
cryftadtinupaticlon so @st b pslycrystaing anateriall egzolsd. t Thereamdn parameters in the
r groduci_l deposi tion. For vapor reactants, the use . . .
flov ARrpng iRt s PFISS 46 ABDE Ul SV e e consolidarion
protdIP LY@ N PaRdEOEIRihY f¥ned BSMchAteallBlel dBENMtioMALE Br may not be
further inproves the uniforiity of the product Tl ow
cffeghivr togttecbp bmgirmeecodaringgf theunatéred.more, i n contrast
with 10 other nmethods that require the scanning of a
substrate in two dinensions to forma |aver, an
In Igthorgatediepeatdrte resilittic @aavd S@Shd BiorpaisdgRaShhdedtder only),
of a uniformcoating |layer wwth one or few passes
polyqryséaliie £ HiEhip rdoaists) oF cawialliige h WiHntesaeqt 4p ghe o#ingr prggess for
forrinG 1 aPEhsERY Bl dBRRi oh QalCprofhd;t LRIRL M ion,
o et ronsl T D% a0 foh SaBPproShy E0EM LRBRY Etn snl popcenation
temperaturengf greowbsisite, tthepshtne of thanflovel relaget edettedet afthe substrate
inl et can be %glected based on the si.ze of the

witly (ERET e T IEE EEACBAONPrANds BRET ESFRERAN MBRITSTCTE Kan be adjusted

empiS@Al abtselel B ERMIBEN HEpSAERLShE FeRltindOBUAAL FLAKDEbre, the
than” the 10 di aneter oOr other di mension -across the

subsgitalss stradtee swuchnflasncg the didating wtrhcttteat I heenernl iwigh light reactive

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

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

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

closer to the light reaction zone, the light intensity can be increased, and/or the flow velocity
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substrate can' be coated in one pass through the
product stream |In general, a reactor apparatus with
fl ow ng reactants having the el ongated reactant inlet
can be designed to reduce contam nation of the
chanber walls, to increase the production capacity and
to make efficient use of regources. Furthernore, an
appropriate flow of shielding gas can confine the JJ

cary TP RET) G LR o b [ GO (0S5 M e B T bt of slane

in ﬂheareécaaaﬁ Sﬂomalfﬁﬁeaefsfthe iflefe tblxﬁﬁer@tfuret RehidrAgirateh®Mo GEdefser coating.
gg energy. The delivery of gaseous/vapor
Alspe tsab&tr@teamd/b@ﬁ]eaéd @segmﬁeaaléfeamﬁegat@ahwwe sieginiag lgwsr than the
very th t
flow %exPPera%{%rtg %é%ﬁ?ﬁsgtecri gljéag%}%? %% ryo ar]érgét@tsamép GRY affect the
nat@esfsthé icomtingt frecasat evlodg ﬁﬁtbdhhsélm&dlcaﬂ'é/t&fndd epdsSiepeonto coating

of the roduct conp05|t|on can be varied
pareu%eamr. HY PRt e AT A RIS GIFPoéﬁiaCféﬁ“ p#amgicss can be adjusted

basé(ﬁox( e'teachi b?heréﬁn% g&rfdrﬂngderﬁ?é &fah 9&189 utilized,
t esired-reactioh product action condltlons
the deposition efficiency, and the i ke, and

In GBREbIEPT GG EPIEY 1 lena <t Pit dreRRb s rbgersects wih

the %ch@c‘fonf BahPESa k86t Lotk HBROSEAHON pradfubis CIr& 88kequently deposited
i nclude, for exanple, the product conposition,
onte empb&tetm rla light rdaetive dsmositienyltlet ¢cating péﬂ’pequlastweecealrht performed
w1tlgﬁsth? lré)arc]:tloarg %‘t;eegteratalltlbespr?tgué%rcg ts lfp I%%/ngth% Erl g 1:9}1/ ezgne directly
capfildink @ prodat targpsttfoncinened wsfatd t he r ange( s) of not
| ess than about 15 to about 20 percent can be

achieved, i.e. about 15 to about 20 percent of the
A VMloéjéf‘ %@&jlars)@rqg ibn 99@%' Ed@n Uﬁlfaﬂpgl%HE(q(hOQ&ntthr%SlﬂtS in uniform
substrate surface. Routine timzation can I ncrease

coatuhg SDI’QEFIOSI t |Tdma efifanni erdyctf cwmlbt&smonAforsﬂutmwen resdl@at inv @niform
J | %bstratef;hrou h the product é E p
epa%m"sm GRroUF AT E DG B T YT Feafigaiede Bt ofia Jasheyepppior for
reacd® Wkl APy REY GRRtbva R Udfordly bf enalics 'HQRG&U&QB&h'ertHeIF §mproves

range(s) of as h|%h as 80 percent or nore can
the geifrayiedf thaprgéuse flaw, aanpﬁeStph@dlag: maémabfertlmrwtmn contrast with
otheg?%g c{s t@% r% rgzheg%%n%gg B St bﬁsgnte t'\% Cl(ileIIIrl]Cgl:S]%gl 8(3 fogP a 1fwer an
eloﬂoe&ﬂtrea:mmnla provitiés for mhd)ﬂépeﬁltlsﬂﬂbﬂdlmiﬁhhﬁ cbﬁtlriohlever with one or

range§ of at | east about 25 g%hr in further
few e e RrOANRE Sirag Biclfhase Tagge PRRr of ERFBB8Y ROthge o be
Stnc%@&)ogme]about 5 kghr and in still 15 other enbodi nent

e range(s) from about 250 g/hr to about 2.5
kg/hr A person of ordinary skill in the art wll
and dep05|t|o

recogni.ze that atln ef ficienci s
In 403PUE L TCAN TRREE BRI HoNF B8 nfQaes Hesrt diggize of an
elor@B@d FER M tllditah IBe sPIEE@ BhsedionCthOSiHE 81 theEX BRI AEY be coated. In
rates of product deposition (in units of grans

Somée@dmdtle@lt%éhe h@me)lt mch@l agdebei the stne sizgneregosevdfat dasger than the
dlax‘%%ss th%ﬁ %bOUt 10n ackoss rgé substrsate sgdh gss a w%‘th, 159191’1 tl%aq the entire
substrate can be coated in one pass through the product stream. In general, a reactor
apparatus with flowing reactants having the elongated reactant inlet can be designed to
reduce contamination of the chamber walls, to increase the production capacity and to make

efficient use of resources. Furthermore, an appropriate flow of shielding gas can confine the
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20 5000. Alternatively or additionally, the rate of
the novenent of the substrate and the product flow
relative to each other can vary substantially,
depending on the desired specifications 34 for the
coated substrate. In particular, for apparatus designs
based on an actuator arm noyy ng a substrate through

t he product streamw thin a reaction chanber, as

herei.n,. the rate fo a b tra c )
G875 P eyl B ot Srea b RoE §e0b1 e “Fhe righ
thr6 @ LB redctant bk R &I G&E ABe f théraataieh (@Hbﬁgim@mg& afthe delivery

| east about 0.05 cm per second, in 5 furth
of é?ﬁé@@l/‘f?éﬁft Epactinip @b atrosp! eeAcisars @ed@rwlapt@d é@rocmlnm through an

, o€ re. A person of
o %&%@?ﬁﬁy@nﬁ% hag%ﬁﬁg%gﬁl %gFggognlze t hat
addltlonal ranges w thin these explicit ranges are

contenpl ated _and. are enconpassed within the present

Wigh 1§81|1tg§%a?téve fenosibep; thenratinpt REdugitsbandiehn depaskienr oft e product
corﬁﬁ&lt% E‘:ﬁ?%yr\%gle@rkuﬁst%ﬁfgll% 'El%!)e%ﬁin\éeon d ?ﬁ@s?ﬁ&ﬂo%c §?eo,

bei ng coated, and can vary in the-range(s rom a
sm@u@5n$a®@$baMe$upeﬁitﬂ@dﬂmmdt@mUOn@bnmmtIhSH%akmakﬂdumnsthe

er nd. Due,t he hi tes an
e RipBraeges 1A OF ARG FYE CEBEr oS Ine it il deie produc
corhfosttlif grRAkddB @pobitdddsh BbRbERIES Othet BOMEs affecting deposition
enbodi nent, the process can be used to form 5

effigieney iiaslyde, ofor a%ﬂémlq‘-,r@ephr@ﬂ@@/tomrap%npanetlemnpﬂramre of the flow,
| bst
SoSEREFUA S DELF- AR 8 e Bl O B

in further enbodi nents at Ieast about 50 cm in

addi ti onal enbodi nents at | east about 100 cm and in
At Brofenate @i odiTaanYe FYRsHRISBBRAOM 0ortiag afficipnges wnthe range(s) of not

lessSIBAR IR 0§k TBRYuS 20 E)Qr%eﬂrcﬁﬁ bE %EhlﬁﬁidaI e. alb t?lslta s 8&%’( RRrcent of

square centineters , in ot |nents
the| Ieraémcedbpmiuqt Smpomon ]1@ depofitedt berthe nzmbduraire ndusfaa¢. Routine
| east about and i.n. oth enmbadi nts from
opigRgiion SRabEiE ‘Wb GUPOSBDNG IRE TAUSEr AbRIBRT 6eh Ragtion of
the Sistrhtel tArdulBB tiad ﬁroﬂh&t'str@ﬁﬁ O&E‘)bgﬁoﬁ Qﬁtmerﬁﬂi@'lﬁ 'tIQinI%hOe(s) of at least

g%ges of widths and areas within the explicit ranges
aboghtfl/peregnd apdHt @hﬂpqlcmaé@rnb%mea&s én vhetrhnge(s)roef ap highent80 percent or

mo% cc‘a%l %El%e\ e% ALI?OO%B&QIQ 19nr rﬂse ag%evr?é tyro&u hPrﬁg]éCtlon rates and

eposl |on generalidy gan have 4

depf)ﬁtltﬁﬂ yfficehoies] de@lgeon Rovwden beadtdingBSinaBe rdd@efspbMdeast about 5
with densities | ess than about 55% As used herein, a

2/hry olis 8ICH ARG TPEHE S e AANEEE) | Hgatnileast abgehgdt ¢hrhan further
emHoﬁlrﬁénti Bk AR GBS edsN ol btoHﬁL 0E RO g@(ﬂft% I?J’hr and in still

| east about 75% ’in additiona odrnment s at
othqmmhod%%t in dmdrange@) frem elrdmmdbﬁmﬁtrstoaiboheastkﬁhouk person of
f..t.he, full ﬁn5|t of the Coatl .hat er

|
ordi i i eI 1 TR et RPSGRE RO SeBodrs i rates
betded @ERSexPIRd g die 6&ltbMplated and are within the present disclosure.

Exemplary rates of product deposition (in units of grams deposited per hour) include in
the range(s) of not less than about 0.1, 0.3, 1, 5, 10, 25, 50, 100, 250, 500, 1000, 2500, or
5000.

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

flow relative to each other can vary substantially, depending on the desired specifications
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applied with light reactive dense deposition has
approximately a full, i.e., 100% density as
deposited. The dense coating nmay or nay not be porous.
CGenerally, the presence of a porous character is
correlated with the density of the coating. The
coating porosity can be 35 gyaluated with a gas

through determning if any gas is absorbed into t he
process

terials., Th
fort G S5 NN s Toan e Ralp RALPOE (CHES: Bgubty nator arm
moRidees Rabstde) dhrodhOthB iroARPkREEH vithin tah@adﬁbﬂsdHaﬁﬂSEﬂtas Qfescnbed
por05|ty of solid surfaces is described, for exanp
hetiers, (heSTaPAREROVEIZFY SULBITte PR éf the raaBe(s) e tqaétdal@ut 0.001
: e
cent%c@ér@ ErgPS oF éga%&p?% F(J)F}}eg?lgl%é% 3&5 eg l{;bg{ gllgﬁlljt] kgyoab TR B&E second, in
furtifer pﬂhtbdtﬂmtenfsl Gom sbaellent pet Jeatel wfaboel 20 betﬁlmeters per second, or

substrate notion generally is a function of th
EVEIeEES: e BEPORP ? éfﬁn?lat%ﬂ z\h‘“d thenart yullieergnizs @ébﬁ@%onal ranges

1 . V.
withfl EOES 0I5 Lo B% DL UEREDE BGmBURES bkh e present
discinsrer futtyer, imamythodinmtedisentnthairatetrat e msedssted ainen sle relative

wept rough th rroduct str e sub tra
o BE SRl bararr et BOSH FiadhibS Hnet CRARFomouf hs Bstates per
mifi#g & MHouaD s séhat i ve to a fixed substrate

These coating rates by light reactive deposition are

dramatically faster than rates that are achi evabl e by
Dug (I%THI%thl %ﬁra’f@talﬂsfﬁgﬁat%gb&hoﬁnlﬁet glra I ){%&C? 1y eH?p %1@1‘0&1% Pvgh églted to the
coaaho a)f rad sdistrpteedut s@he reatk%dﬁﬁerf&bﬂiét prbeds Oéar be @led to form
ght-inch circular wafer can be coated with a
maieﬁﬁlékfﬂbé% ePHIeIHSIRYOBAGNAREIHE A8FOCHEAR &V 1HLaFNEl SuRstrate. A width
of GRRIEOXILERLE NN BRGt SECODLEYE Qeﬁtﬁm@tersd(@ﬁzsllntf*uﬁﬂer embodiments at
efficiency of only about 7.5 percent
leagycakder SQeersi tiy anfﬁltwbehtembe%nants uhéeabwlalkomlem ty, aad in other
F son f ordi ski | n th art ca alculate with
e GiRRR G GEOREEIY st 100h Brbe Tu e FEbefiaRt. Biarth thh be

least quvgomgsq\aarel blistePAaf), OR oBRE eRbodieRtsOdt 16438 a3QI500 cm?,
variabl es fromthe group of a coating rate, the

in fyeheysernbeshments et 1¢ask alppay 208 qmy, @R@exs@tf@n@mbpﬁ@nents from about

5 | Ag trate Furth

"’Dg(ﬁgé i {a%lllté Opg(gg%}gt i o’grbetr{@ %{a(r% I\Vlalni agleousl Y ursff“é%gnlze that

additnhbramees pf uidths hiyd afeas 0Qhird ﬂ@Sex\pdlt:lh rétigeabdM@Uire contemplated
addltgonal treatments between coatings. Each coating

and agq, WitBipdhe BreserdisciesUeayer or a portion of a |ayer.
Conpositions can be changed within a |ayer or between
| ayers. When changi ng conpositions significantly

A cheingelormedbpilight fetctimeydepesites permldlly ¢an hawaitdeasifyewmithin a fairly

conds,for the.produ t str am.t o st abi | i ior_t

brof RGPl DR B AR Y SR s Jesp e Bhp @i As used

her®h,0N@at RLLBAE HEBR l%hé‘@&ﬁirno:l@@h fanenQW‘ﬁ{a@t@ thle‘?i‘stscﬁ%ﬁt 65%, in
of product fTow is shown Schenati cal’l y in Fig. 1

furtheyj enkadamprte ai deashdvant Wb toh duadditiepil apibediments at least about 85%,

and in other embodiments at least about 95% of the full density of the coating material in
a fully densified bulk form. Also, in some embodiments the dense coating directly
applied with light reactive dense deposition has approximately a full, i.e., 100%, density
as deposited. The dense coating may or may not be porous. Generally, the presence of a

porous character is correlated with the density of the coating. The coating porosity can be
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any coating conponents for sinplicity wwth respect to
ot her reactor conponents and can be 10 adapted for
coating as described further below with respect to

rel ated coating enbodi nents. 36 A reactant inlet 102
| eads to main chanber 104. Reactant inlet 102 conforns
generally to the shape of { n chanber 104. Min
chanber 104 conprises an outlet 106 al ong the

) / prod tream f.or eana
VP OE SRR R o P A S s Sbso B RRR i aterials. The
BEJI2&§ 8 face AhtaCindhsteengads phdtest for 1A calLed Q6 LHPRIDBE Mhis purpose.
sides of reactant inlfet 102. 5 Shielding gas inlets
Aligmatiyielad anerheopppraadhl fikde orasuFeRint gspyoDHY pﬁesobd dasgfaces is
e ant streamt hi bi, t he
Scﬁlan%erfrowa% g an’d %lh:L lg]eag tgrﬁntt s?o? z%dﬁct S. efh ¥ aE" entitled
" Mihiperoertantter ¢linngpiredd heaat bprefabadedber 104 and
reactant inlet 102 can be designed for highly
efficiency product conposition production. Reasonable
Fo@tyﬁﬁatg %ﬁ‘ﬂ{oﬁﬁfﬁérﬁ@hmhm egheeﬁoﬁ'gx%’du@fhﬁ u§esgle\l:\4€8 r}a@ of relative
'aser wth a power in the several lomatt rang
sulntretefmolmrr gerghndlly abo dincEommuf ttbe a&dwed ]jemsutmn ratd end the desired
ac n zone ed within eactio chanber .
el R e P gret o i PHYSPUBCPT SRR Ho o Aeray ate while
obtﬁin‘ﬁw wesiied tdaatihd ahfforRgam WEBbO&mEH@Uina& h§:ﬁcthé %U@stl;late is swept
. 112 extend Tromtheé main chanber 104. Tubul ar
thrcgl@ljlt the psoduitDstrepap thehgibdtrate mdows magd r¢lagye to a fixed nozzle, and/or

respectiyel def.i ne e ath .118 t rg .
e FRAF G VF e RO g8 et Yt R hnbe Tty S reacive
depoaitiof anpdiaseiticaley fas'@aﬁlah rhiet ﬂlalaﬂa achZrablerbyt &ﬁnpetmg methods at

i ntroduction of inert gas into tubular secfions 11
thepspmie qratrs dRtfoRbeend tckngsyefie rapartjcwempicatnie fqroreference, at a
pro[i@&%tr@tmctlgﬁ Ir:it);{ eF Xb(ﬁﬁf $6 &8 hr Rﬁlf ﬁ%llqtl A8h EQCLﬁérgw at%r carPBt coated with
nbodi ment 130 of a react ant i very appar at us
a tludtm:ss sksbaut Somiaensl@2danfe aozpngcmr@cproxlmawpoum secwhdi @hen at a
can be_.a.liquid, sqlid_aqr For uid or soli .
cerp et Shicnep o Sioat 7 3R oy iR ARGy Shapeut 60%
of GRIBUIRIdedHSy. S MIPeBSn IoFo@RANP8KillING 8RUSeEah Ntaulate with simple
precursor source 132 to facilitate delivery of the
geomelieg BRECIPIPY amupoe! the fillveving varatestmsed pi queé dr moredcpmge other
I LeguUrsor d I|v ra
varGBRe e, BB ol d AR S Gin Baptoh BEHS e hickness and
the darsityeif cgaigsouthe eutk&4tecan be, for exanple, an
infrared absorber, an inert gas or m xtures thereof.
In alternative enbodi nents; precursor source 132 is a
FurfheRSdte SHARGNA lﬁ?&d&cﬁ@ﬁ rat® ¢ %@Be qgl/dn\’a%'éo&l@ ﬁéeﬁ%eﬁrrx %pﬁﬁrahtv of
pressure of precursor w thout necessari y usin
coagrgsnyigr orgashouhadditiashtreatmpots dtoveer aoatohes.i ¥ath c&aatmo can cover an

ect ed artl res ure of a ursor va i nt o
en“fﬁfléweog\ét @Jﬁa Ogii’é?SlB?‘i‘?e&“?’&ﬁ%‘i‘F@Ht"sl adig O petween
laydrdle WIRACIhARn g Q@ﬁﬁ?@sﬁn&@ i Rerdiaat edw éeffl 1ayRRPTORGY 3k Qlesirable to

to reduce or elimnate condensation of the vapor prior

wait piesnieegnds aerohe prodre sictanote stabilzaetpeior toTihirsliziag phasingl i t y
of flash evaporators can be used to deliver precisely
a plurality of
The design of a representative elongated reaction chamber 100 for generating a sheet of

product flow is shown schematically in Fig. 1. This chamber is shown without displaying
any coating components for simplicity with respect to other reactor components and can be

adapted for coating as described further below with respect to related coating embodiments.
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20 vapor reactants into the reaction chanber. 37 The
gasesvapors from precursor source 132 can be m xed
with gases frominfrared absorber source 136, inert
gas source 138 and., gaseous reactant source 140 by
conmbi ning the gases/ vapors in a single portion of
tubi ng 142. The gases' vaporg are conbined a
sufficient distance fromthe reaction chanmber such

t hat the es, " vapors bec [1 m.x ior.to
A sty e T a0 R PO ot e e or 1 pEorSs senerally o
the GRRR BEehaGASHMERP 04 N NMuhechhAdePass @SmpREQUANo@let U6 talong the
144 into channel 146, which is in fluid conmunication
reagifntipreduce sieqagnior irpimeyal 9 erdepesitgioprodyrt maagerials, apy unreacted gases
and?fig 100 < ARG AN ALECHISOL 161108 BURRLESD Ay tntet 102.
vapor7/gas Trom second feactant source A5 Suhi ¢ an
Shibi@ing ddsqullet dreasddaft foctal d Vianyet dp padragdsss on thokidek of the reactant
reactant delivery aggaratus, a_ b5 flash evaporator, a
stregmdo ey hepstachpetyeseine spanpkas Mealls anft the agtapis or products.
containers. As shown in Fig. 2, second reactant source
148 delivers an additional reactant to duct 144 by way
Theodinteukiensl df2elongtedderemaion wabybers Kdoand regaait dniet S@Ucanebe designed
an del.iver the second . reactant. into a secqnd duct .
for éggh' g W@&lﬂ%owaa%fe%?@%@nd pERBa S At gpagtant inlet
1021 Rhén H28 WiBACEOIRGRATDEF o WASH BielsBRrdl §R6HAN thge CRIRLRGoughly
at or near the reaction zone. Thus, for the formation ~
abouf 5 cone ebouratresteral Shearsddtion zbde doloedtedrntithin ik sgaction chamber in

signi fi.cant, nunber .of reactant sgurces and

e Bty e o e AR SRR ithg 1 or
react ant/ precursor delivery. For exanple, as many as
25 reactant sources and/or ducts are contenpl at ed,

Tubglar segighs il h0.prl2rigaid efrore e miagy hambau hiyer Subda getiens 110, 112
50, - .
ol o e e P rab OP B AU P ER e EFELA Brongh the peaction
chagibén V@ y Tepslhesacobndil 10, 122 dddichippnalindregad adts 120, 122 for the
. ecursors can be provided simlarly 15 for the
1n“§§ﬁ?ﬂ%%”§665mEBWﬁP@ﬂmﬁﬁWéF§jﬂgh12‘As not ed above, the
reactant stream can conprise one or nore aerosols. The
aerosols can be fornmed within the reaction chanber or
Reagtgnisinge 103 ist graeralp coimngted Haniyeactant deiverpsystgne dtafering to Fig. 2,
mléﬂﬁ)hn&p%“5% cgu%@mﬁgqqger. | f .the aerosols aress ¢
DrOGUREY 187 00F T8 R e L APRARY QPR £9gke T2 of a precursor
compbaid)erhic b BEkARRIS s6lad ob gad. NF 0GR Br EHIEDH@Btants, an optional
reactant inlets conparable to those used for gaseous
carrieg it B $Ne QUBIRTAEGITE L8 pHTCIsrPAcan b intiedpmpey intp premygsor source
132tt9efaéiﬁ{afgahé19@r\pgf %n‘ﬁ:éftént.loPr[E@ﬁr%gﬂ &Jurceaijﬁji £4P B@la liquid holding
aerosol generdtors and/ or vapor/gas sources can be
contamehianedidtppecsityop ldylivet eptesiny edothenpiablei ontamet.hiThe tchreier gas

react ant strea An enbaodi ment of a. reactant delivery
from, 635158 %65 APYGTIN Gl B tel P EYIBRIC. o8 BEGIh BCE R 21 Welt gas or

mix®RQWHerbd¥. th 98emna3in@ Q:%b%dirﬁe@l:tsg &gr@ﬁ%grj Hurkfq38 ANELh v or that

a reaction chanber at its
can deliver a selected vapor pressure of precursor without necessarily using a carrier gas. A

flash evaporator can deliver a selected partial pres'sure of a precursor vapor into the reaction
chamber, and other components leading to the reaction chamber can be heated, if
appropriate, to reduce or eliminate condensation of the vapor prior to entry into the reaction
chamber. Thus, a plurality of flash evaporators can be used to deliver precisely a plurality of

vapor reactants into the reaction chamber.
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38 surface 162. Inlet nozzle 160 conprises a plate
164 that bolts into | ower surface 162 to secure inlet
nozzle 160 to the reaction chanber. Inlet nozzle 160
conprises an inner nozzle 166 and an outer nozzle
168. Inner nozzle 166 can have, for exanple, a twn
orifice internal mx atomzgy 170 at the top of the
nozzle. Suitable gas atom zers are available from5
Sprayj n ens; Weat on e n,_or
T B A RGP G E oL 0! T B P oect 60y e sbsorber
sowtcd M) iheRk sQfrc@eIPaalor@poGAREQANS s6RIP IS0 by Edfbining the gases/
Liquid is Ted to the atom zer t hrough tube 172, and
v 3@&%@@ firgle pertion afiebingr 42n{be gases vavars ro pombiashe sufeient distance
ﬂlet r%aét%% ta%t]lgerz I.rlch {h { gmggf;ag%s xa%os%?ﬁe&)rlnglt\g %l cr:rB)I(e%npr?or to their
entfeﬁnl’céfﬁttb @Hb re&ttoﬁrchﬁmbzd ETHOGG nibomgar da888pct 16 BRI passes through a
section 176, a funnel section 178 and a delivery
dug i 59 el CiGatBish i B ROTETETIRGI Qs itha rete Onf inlst sush as 102
H1F%npr nozzl e 166. Funnel section 5 178 directs the
rosol and gaseous conpositions into delivery section
180. Delivery section 180 leads to a rectangul ar

%gacta t eni ng 182, homn g the insert of Fig

1@ey trea AT @rsafscém 8FH%P1§ raé&étaa‘ﬁtgaﬁ AioBY SeF?ftdofeéCtant source

148, 8A6H Of AR rdaeiand dBlEry ra%?&ﬁt'uyea &R Qéal&ainpaeme ;g)arams a
nozzl e 168 conprises a drain 184 to renove any

flashtryepaafot, @cgas cylmdeher cmlmremtabmzxta@er Outa@rtaings. er slmsx in Fig. 2

cover.ed wal that fo hi el di_.n
sec iy FOMEROURE PR BHLES BTG reaBhehoh L Ry e tobe 142
Altlzﬂih@tﬁ\telss hb@indlré@ta@ﬁﬁ)ulré‘e daﬂﬁiél@xﬁﬁﬂ gletetdHiaegark lﬂ’ﬁ@ a38&nd duct such
Addi tional enbodi ments for the introduction of an
thaibe by reagianty a5h delbieredperaralygsiel the traptiamaghember where dlie reactants
|
con%ﬁ@ g%%a{ g@qaggg% gpﬁem?ﬁet fus! ?)rqﬁesﬁg'xllngtg&\, g;?g%pg%ﬁ F3805 and/or
dopBéImaleTéglfs Apspanﬁdzams esmberi afcream atweceshdebpridaylly, separate reactant
r ef er eneral t .suba}rate [ mounted to

duclt % efidogou ndgac xieglllrﬁ)r Vg ,t4dnany as 25 reactant

souf&@%&’@ﬁd@&ﬁﬁe cgﬂt‘émﬂla%daﬁl@}%u%ﬁ AbhREpIE EACh 'lé?gerzrﬁl?rﬁ)effﬁcould be
the substrate can be seflected to yield desired

usedoMashgowemsnireliers [ eorhs Lepdot@meﬂéattsshe fidwe of givss/vartoes wihin the

C in_the r efs
oo LS Pt M B PR PRI ae s PR peage simiary
for theastthesk $ff @mpldxanaterdddé. at i on beam edge. i.e.; the
downstream | ocus of points where the radiation
intensity is a 10 factor of 1%- of the naxi num beam
As h{)ﬁ:@ﬁﬁd\%%the 'r&'ict@ﬁ carf TP rﬂ?l{gesbne By k& al{_f_:g&gﬁs( he 268 B1s can be
nm t o cm an further e ments 1 n
fonnd!tbwrt]anngm se)actfomo:ﬂmmberutr odtsidndf the radudioh cBarglar pAoperig@esdtion into
of Ordlﬁ in the art will understand that

the JEA6f0R GHAMDFaneledertioh ot HEOBIERT iPEPE 9 dRgPnopio the reaction
chaﬁB@fSEHe%te%sg's %51@8@ BRroliRd 49068 ¥8da e R1E E’élia]g'l'e@ Fh%lges used for

present di sclosure. The coati ng process ¢ nera y
gasehpp At suble as aerséant helet 2020l Figlelf. i ded thw daumtiod lofveomplex

1 N r I i on
matenaﬁ adedltlonzsil gerom? Eeenderzgtoors %S& bt < gpo? légssstougctes? canogéjl Eorgbl?led to supply

the desired composition within the reactant stream.

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

shown in Figs. 3 and 4. Inlet nozzle 160 connects with a reaction chamber at its Jower



h

10

10

—
i

39 A representative apparatus 250 to perform

substrate coating within the reaction chanber is

shown schematically in Fig. 5. The reaction/coating

chanber 252 is connected to a reactant supply system

254, a radiation source 256 and an exhaust 258.

Exhaust 258 can be connected to a punp 260, although

the pressure fromthe reactad® streamitself can

maintain 5 flow through the system A valve 262 can be
suMs@d 6b0 BRALERIe 1 BE chinpMik & PP Z6Bar MailsViBto BBRr 6@¥fhce 162 to

be used to adjust the punping rate and the
SeQuoT inkes porrdt @hb?rt?@@th@r@g@bﬁreshﬂmm@dﬁ lfé)cctqrmmsecy@t igngr nozzle
16 I lc% erOut%%Jré)lzlngES Ofnn%rhrg%zla efl%ércgr‘\Ir m}:}gvgen 6 T eagmglg eé‘j tx'vblgt(:)mﬁce internal
nn;mme¢rt i mnst t}ieatopdcbfdthe olozge! Soddbed c@Nb@ntiRes are available from

substrate surface. Substrate 266 can contact flow
SpRymSasiPaacYenon dhe Thesvinerdsaintemal Bixpserigeie!l ihan a fan shape

to @%Q&‘écat thirCQIRA%T ateko%lfan Séé@%.{( %B@égﬁo&aﬁlgﬁdg?%tﬁ% Ollomizer

ag e, conveyor 0
thraighsititeat’e, é%ﬁﬁzal;ds rfotigtroduveod [rmw\/theSmnblﬁ blmﬂjey areSédigehe atomizer

e.connect to an. a r arm _ 272 or _other
ﬂﬂq’e@g& zlég ﬁé?wﬁf%teoow@ tﬁf‘fﬁ S Bty Gt foprmation.
substrate through the product stream Various
configurations can be used to sweep.the coating across
Outeheozlih $6% avraprisse raf d@mbars sctdtnen pr/6dadtnicbasationtli@ and a delivery
ea .5, agtuator arm.27 .
secf i} ShaBBEseeloro e PoSulselor s BF R Stz fiso Jme section

178tdnectp ﬂmﬁkolsdnﬁeamOuSt@gposa?&ls Gab dlveeprdafibis €3(. MBEIVBEy section
control features that provide for the control of the

180t164ﬁ§etpa@t TgFl@ngflar feactary Apspingt 189, ehovet aydeangrt ¢ Her 3. Reactant
opet‘ﬁﬁac"lgasfmtrﬂé’ Jeath g(?mletcﬂl%l yrgcrictlﬁﬁ %%blexl gﬁclfgﬂp f%\?\}i&%g%osition.

to” sweep he substrate t roug e pro
OutéFi gpzzl bﬂ*&owsnpraastaadram o tov emenlef arpmiiquie tiotcoents @ the outer

hat fl ow ugh the reaction r oes
oo PBisT B hlég Dot YﬂO%%{n“%Q&?@?t fappse ihaela%rlws opening
188 bshounaaet @it opeshg he2t ORrt el by &at Fowrbarey thsudtoRbe 190.
down. In a top down” configurationy gravity can assi st
Addyjoppl embodigiepis sfor i ther 1@?@@@@ OAnm h@psoémblddlqmemr ngre aerosol
gene‘?ﬁg%{onar?%g)gxéﬁ%]q‘gé%tlx C ?mg ggescr(isbe% U S. '%aten 6 193,936 to
Strate moves rela o AV Eactant™ nd72

Gard82¢t ahSeritified tRdaednbPelizeey Appdihrushis/asdosbraed Bavein by reference.
React ant nozzle 282 is |ocated just above substrate

280. An optical path 284 is defined by suitable
O%élcﬁfle &Rs@ét@q?%(ﬁmwﬂla{o pécél%gtprgddc't %Bgnggﬁﬁéﬂsahw& from the

84. Optical path 284 1s l'ocate tween nozz

pat
reactmzzoaﬂd TheWstanet Eo280e t@cui@f rore ta theabsiron canbfesqlmad to yield
80. 40  Referri

h f f
cesi ol NG 7 2R BP0 ST OPiRd P S dhe el rom no

moreSthQS bcat @5 icsntHEARs @ Pasikial REther@REdnk BBWZRB@r meBsured from the
general , substrate 280 can be carried on a
radlag%b%eglget agetheglpwnstream locus of points where the radiation intensity is a

factor of 1/e* of the maximum beam intensity, in other embodiments in the range(s) from
about 0.5 mm to 10 cm, and in further embodiments in the range(s) from about 2 mm to
about 8 cm. A person of ordinary skill in the art will understand that additional ranges within
the explicit ranges of substrate distances are conceived and are within the present disclosure.
The coating process generally is dynamic in the sense that a well defined product flow can be

directed to desired substrate locations.
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Conveyor/stage 288 can be connected to an

~actuator.arm as shown in Fig. 5. In alternative

enbodi nents, rollers and a notor, a continuous belt
conveyor, or any of a variety of design, 5 conprising
known designs, for translating a substrate can be used
to carry the substrate. In sone enbodi nents, the
position of conveyor 288 can3be adjusted to alter the
distance from substrate 286 to the reaction zone.
AGhaRgRGVE apfieatt S308RGRHAR FusuBStdoalif HRhhhBe réaction chamber is
reactjion zone correspondingly alter the tenperature of
shppa sgheepiicelysinriagr. s'Frrq' rRaqﬁgn%ﬁ@ng@b@mbthéZ i prnnected to a reactant

: 0 . pr t {1l o trikingtbe bstrat
HABAHE8 oL AR GRS B SO0 0 BURRLY 546 can b
conf@tddng.a pting ZHOS tigvogh betpreeite thoen Blhsdctat sraanditdefean maintain

reaction. zone can be adjusted enpirically to produce

floe Sroush BoaricAy Hrioperts 31 bats tasoreithaiowénpimy 260. Valve
260 Tban 3diskd Badibd ﬁ%e?#%%ﬁ% 1% g{iﬁgl?{@ Ekgﬁ%b?%?ﬁ(#'ga uérhg%biropressures. A

substrate can-co
coBention tshsiem filéerf songbdenothe like 26W eas bbplaced beto@en bleamber 252 and
as _ desired.

adj.ysted to higher or |l ower, tenpperatures,
DU RO BT FhSATPH oS ) G o5 B P Qa9 Tapeepte Surface.

apparatus is shown in Figs. 8-10. Referring to Fig.

8, process chanber 300 includes a |light tube 302
Subssraifeditetintconiactdipy frages reagtivg zonki2gRtto todd¢he3@rbstrate with product

1ect e JHeam du not shown). An inle ube - _
cof BT et e 2B S PRulPE bp SHekEFsor ey s b Bt 70 to sweep
sublehte\266 Shry@gdohe FERC tSPBLiScAYdstedd 7706dan BB 68nected|t&hn bt or arm

306 | eads to process nozzle 308. An exhaust transport
27% gpethel enQiYHISE CPBARYS 0 s StagiaAThele sreeBobe aptstrgtet thesugh the

profih @Wrllinh €0tk QR b RIS ERSHNREF L a%g}? ﬂ}eﬁé%%%oﬁs the substrate

transport tube 310 leads to a pro
surfghambahe PrRluctPleadndhe frédctioratzomn ¢haimdvar 18 F&. chrmeeats arm 272
xpanded vi ew o

tp.a pu t.pu connec 314, An e w of
e i TR gt o 5 r i 1 SOAL Sdiet  ege 270 can
conGifsk itBm3ll Bontl FRRIrLS (it %m_ d Br8ha RN RO PEORE SEmPAZFLE of the
308. Substrate carrier 316 is connected wth an ~arm
subgzagies optitagh 279-aRglendestens fas asitags: qoaveyor ar thiedike tan bowsed to sweep
t t he product 10 stream enmanati ng
me%?%%%% egé §§ #gg&ggﬁg'mhere the |ight beamintersects
the precursor streamfrom process nozzle 308. Arm 318

. C rises a ljnear_ translator 319 that is shiel ded
F 1g-va° irq%’wé reagfrats %ﬂv"i’r%%m@rﬂsﬂ? botinan g0 dmpflpy through the reaqtiep chamber
goe@ﬂbﬂn%ﬁo&%%;pf}ﬁm%r,m DoORPAA & RRBuk] ac%{hos k! T oﬂrlne top to

substrate. In i s enbodi nent, unobstructe W
havg floweSemribg 29redown| dn aptopoleeah dinfigutatiyn,tgradgheansassist with the

' le 322, which | eads to exhaust transport tube 310.
‘hg%ﬁ§é-6§ﬁ§éd vi ew of substrate carrier 316 and process

nozzle 308 is shown in Fig. 10. The end of process

nozzl e 308 has an opening for precursor delivery 324
Anotherergbedimantds Hi§"gds an expanded view in Figs. 6 and 7. A substrate 280 moves

relative to a reactant nozzle 282, as indicated by the right directed arrow. Reactant nozzle
282 is located just above substrate 280. An optical path 284 is defined by suitable optical
elements that direct a light beam along path 284. Optical path 284 is located between nozzle
282 and substrate 280 to define a reaction zone just above the surface of substrate 280.



~ 5 opening 326 around precursor opening to confine the
spread-of precursor and product flow Substrate
carrier 316 includes a support 328 that connects to
process nozzle 308 with a bracket 330. A wafer 332
can be held in a nmount. 334 such that wafer 332 slides
within nount 334 along tracks 336 to nove wafer 332
into the flow fromthe react4®n zone. Backside shield
338 prevents uncontrol | ed deposition of product

RefeBHMOR Fig8Ne QR4 )& baeks 086 id GoRiek BS2ubshhRCK Scadbd past the
connect to Iineaf 310. % For any of the coating

reaglenif izgne- at rorgsneralnesubsttaty 286t can bef carhed fonow eunveyorkege 288.

substrate efI trajector of the flow._  Thus, .
CoR RS2 B SR Pund b R eSS AL YD SRS i I ditemative
emb&BGENO Y0168 ANDE K, h @bntiRodCEMhvERE, drBy 6hARGRY Bf design,

‘direction of the flow due to the substrate, rather -
compriInglmepinigsieht ferrandatinga subgirateean Hejused forasmy thissubstrate.

reactant inlet. For exanple, it nmay be desirable to
alter the chanber design to direct the reflected flow

In domet rebalitbett, thagositiod of cddvepbrapgRe cinhite pdigdtéd @nalet tiid@istance
et accordln l'y. Anot her specific enbodi nent of a

'fforgfsgliaimf‘eaéé |tQ/éhedé¢‘66%f?nt FOI- appenest ik thesdishpginTpm bgrate to the

10

10

10

reac’ﬁlm zd%@p&fn%gﬁb%dghggl CROPHe SRR, @raﬁgg o!f atﬁ@ rpr!)dughtstré’aff‘r.lrj lstfking the
2, a reactant [ very SysS react

subsmembé'he 3&Bperanc @(ﬂnaqsodwyﬁbwmtﬁﬁﬂo theﬁLéxstrata gememall-y gjters the
cifi.c

h di 10 sh
ProRREes oA R PO S g | b3 SHAS] POty He ARG AT e reacticn zone
can 8k hifjasted cabRHRAlLy %%@d@@ﬁ&lﬁaﬁioﬁﬁlgfp%ﬂeﬁ{%ﬁ s‘u@l‘}lasl%ﬁﬁlné)&ensﬂy In

substituted based on the disclostre herein. As
additign,fthg stage/ COnVgEQst WRPOHBE itheeFupstEale cane@ERise éhppmals@@tral features
S 6 0 r _deliver
suct 3 ety S BB v Rl B MR o W rarures, o
desictdl | very subsysten1362 can conpri se one or nore gas
sources, such as a gas cylinder or the like for the
delivery of gases into the reaction chamber. As shown
AnottRr Rinthodibfent 4Sa dfght YEIhve R é/s?ﬁd?l”h LATRIWIES Figs. 8-10.
boron precursor source 370, n oxygpn sour ce precursor
Refeggg todrigi &@chgﬁélm@@UB@biand@S ahght gullei 3§Rtcontestadio O, laser

o 3R e 0 S RS, 8 e
WithFﬁrlﬁ‘é&h‘ﬁ& deﬁ{/ér?fsgétéh\tﬁat?&ﬁvérﬁ’ R/a;&ﬁlfr@ic)énts| 4@l darrfb? gafk8sS Inlet tube

source 374 can be also used to supply inert gas wi t hi n
06 lepds te warAsEynoZdlR 208 nAnterbaustirangpovs Fube A 6@ eoreats toggacass ehgmber
I

300 Bl Mol b ity EERMARCHOEI LT, ol BRBET B Y Leogs e
prodypdt il tadtiohycherbérl 2h Peovdipofiktads:s cid@ther 302¢cord8ets to 4 fmanf at pump
flaéﬂéevaporator can be connected to a liquid
connpAathFoi r to supply Iiquid precursor in 5 suitable

quantities. Suitable flash evaporators are avail able

from for exanple, MKS Equi pnment or can be produced
An ekpasded ezady oy peogassl etisider A anelmvan inABigs Rowh substiategearrier 316

suppor?s a substrate above process nozzle 308. Substrate carrier 316 is connected with an

arm 318, which translates the substrate carrier to move the substrate through the product
stream emanating from the reaction zone where the light beam intersects the precursor
stream from process nozzle 308. Arm 318 comprises a linear translator 319 that is shielded

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



10

10

10

10

flash evaporators 390, 392, 394 respectively supply a
~silicon precursor, a germanium precursor and a _
phosphorous precursor. The flash evaporators can be
programmed to deliver a selected partial pressure of
the particular precursor. The vapors fromthe flash

evaporator 10 are directed to a manifold 396 that

directs the vapors to a comman feed |ine 398. The
vapor precursors mx within conmon feed Iine 398. 5
and e SR8 EOPINGH S LIRS R YEEY BUPRYS BBAE2 AN would
vapor conponents from vapor Ivery subsystem 64
préceed dpediivne elkhatibt b releb 30, mdnichlbsly $¢ ethaBb Granddoxtitnige 310.
.subsysten1366 can be a mani fold that conbines the
flow fromgas delivery subsystem 362 and vapor
AFSIH RIS BB YL 384 er 3 1% 4olagriBexd Mzet%%mmn%ﬁ%m 10. The
the inputs can be oriented to’inprove mxing of the
end offiprovess fdzoles3 48fhadiahf epeping fvapmlsrsqn@bhgae/eﬁﬁia@nd a shielding gas
di.ff nt essures. The 10 m xing bl has_ a nt ed _
orins P ABEPB Poc T PE e kP I S PP s fpdEProdtct flow.
SUBSHFEC EFrier3 | & BRRMES 2 4Q8pdre 38S tHfak QBhAHcK t@gpr§&8@§mtﬁmgog with a
366 to reaction chanber 356. A separate shieldin
syl abedin Seuded b e el §54 Aoy theneletio g Shges within
mofl, 330G cRO 28k G 3R Bk, 1492 HERCH. Ol BRI SEe P8tion zone
nert gas source “¢an e use
Baa:kmiretsh@am I8opravenexinesiitedlled depdsmmnaff ptdmcmmpmgmm bnltlee back of
%ﬁg sh|eld|ng as fr3n1the 10 external sections of the
walgh 734 e [@ghS\ A8 cqanest \QUIG¥ ¥18r t he reactant precursor
streaminto the 1light reaction zone. A heat
controller 408 can be used to control the heat through
Forcmyddthd enatihgeindigeragons, e ihieksection(ofithe SonghvGtit the lnebstrate deflects

del tem 366 and .
e SERERA S5t T s AR B 6 PSR et e reacton
chaﬁibéﬁwtb‘et) fo aaP@it For the Shinball @irdd@ah of MRION H&S tol the SRAte, rather
CN132 from Omega Englneerlng (Stanford, CT). Overall
tharh piscipeste PflgincaAired sniom| the drasint imete dF ey exampipsit may be
oL R b AT ARt LTRSS R ek Gl aior

chafigeate penitianadflter sutlefMckomdingdy. Corp., Bill eri ca, MA)
controlling the flow of one or nore vapor/gas

precursors. The automation of the system can be

Andtht @63 € Embbdithedt o NEKIGEI B e (e RBROPK SRR is shown in Fig. 11.
Aut omation (Chel nsford, MA). Referring'to Fi 13 and

 Appezptusy Wk edrenriseharder lagsdighd apEes 852, ehetatfede 1s't:rryw§t¢rre354 a

reacﬁélgbh baeWagg nt 4s§/s 33d5 Vl 1) rf:gg{zglég %St eg]c diagram is

er s
shovah anthesonst specifid rreacée&& ﬁﬁ’l'fﬁl&ﬂuﬁgﬁoped’l gitiedh/dedatibal, although other
secures closed with a | atch Chanber structure 420

reachn’s §ap BrprinSEiaCiaded erceivtaged Wﬁ@ oR eSS ARER - 0
receive light from |aser 352, and a wi ndow 438 for
exiting light, which can be connected to a power neter

As showt in Fig. 12, reactant delivery system 352 comprises a gas delivery subsystem 362

and a vapor delivery subsystem 364 that join a mixing subsystem 366. Gas delivery
subsystem 362 can comprise one or more gas sources, such as a gas cylinder or the like for
the delivery of gases into the reaction chamber. As shown in Fig. 12, gas delivery subsystem

362 comprises boron precursor source 370, an oxygen source precursor 372, an inert gas

~ source 374, and a light absorbing gas source 376. The gases combine in a gas manifold 378

where the gases can mix. Gas manifold can have a pressure relief valve 380 for safety. Inert
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shown). Wndow 436 can include a lens, such as a
“cyli-ndrical lens. Chanber structure 420 interfaces.

wi th nmoving nozzl e system 424 through seal ed ports

440, 442. Chanber structure 10 420 interfaces with

exhaust system 356 through four vents 450, 452, 454,

456. Referring to Fig. 14, chanber structure 420.

further conprises a reactant gort 458 that connects

reactant delivery system 352 (Fig. 12) at conduit 402

oA L0V z - ri gt [ :
T B i 3 e [l o e UEns 4B e gy jscent the
wiglews/Rabes 234 wedrtaqydirettilight Wom anostemabliglsBotricemtaidtBmber 356,
can be selectively opened and cl osed to expose (open)

or shield (closed) 15 wafer 472. 5 Referring to Figs.
Vipbr R1i08Yi 85 8REZ 564 & ' loAd 3 3
G D o R Tt ehgo0. 392, 394
Eashrifash swapozatoroeant henepripeeted &1 a 3iguid B@6voimozstpply3fid precursor in

{0 .Sl S AURLLS, DT ACHELS 20820 s

conne nozzl e
Edfiiinaonneat se prdduced 80l RediBr aele8ls c88fonealS & shown in Fig. 12,
flanges 514, 516. Nozzle 508 al so conprises funnel
flagha v pARats03 Yh P He O4ntsapast vale SEPRIH B 3ticow trhecarsaBt @lgermanium
Yol gt} i ap . orifice :
S 4N SR Brea i PR SER ARG EHED: Bty o detrver
a selented prsiabprefsuceof3A6 pwitichlar pracireud!t The vhpd#d Eromstte Rashhéaporator

t he zle r [ onnected to the reactant deliver
are el s Bendo R B ecs Deriars s eqreneed fne 398, The vapor
preRROE IR Rithid &hBHY el lline &€t 1 ON has a rectangul ar

cross section with di nensions of 0.08 inches x 4.65

i nches as shown schematically a top viewin Fig. 16,
dt hs can be

I rati .of |l enagths i 1
8 A Bk S8y SRR B g b s Fom vopor
delbenyt subsysbezi03 §Darp combiied avithe! ixiny fubydtent $68NV Miking subsystem 366
r ctangélar section 522. Nozzle de3|?ns for flowmn

cary B & BRUR & oS e dlopn&pmi s dsliseryFmberstem 363 and vapor
€ IXTe | : t t: ;
delﬁlb %ls%bg}éfbmt %4&15 %{be&u)gﬁc %gzs%ste?rpgéqt, lthl%ﬁn &%%ﬁ%ggeﬂtg? teoI improve

Zzles Wthin Flown tors, o}p

mixme pétler emaenedr8bes rof migfferentFiagors labd dabesr ardifferant preSsbfds. The
br acket s

. 512 4 ext end spectively fro unt.i n
mlxg&?loébggls emelplr*ltsé ? 1gn gci%/ﬁdu%elg;cgﬁg\ﬁ Intg g‘ﬁ‘ﬁ?ﬁ prgssure sources. A
conf €IS PR Tehdsetorm HiXin® ShsPaOm 3882 redtot Rn&asLr BSs. f OF

exanpl e, parabolic or cylindrically focusing copper
mrrors. The mrrors can be water cooled. The |ight

en.. o 30, 532 1s.shown w.th.an arrow .

A skl BELNEE BTSN Bog ethe REE L TaR MRl PR off [imoving

nozle sysibhy G0 aatiors vippaet 336 aslkBLSh Tk, g 3BurdRed7@r dah @ used to
13, drive system 502 conprises a_dual |inear

to.Fig.
SUPR{Y ﬁ?eﬁgg%?t tg ranseKrrag Feaiqnppiothe mpyie 1972isn el henthésiding gas from the
extetda€ sEMbAY ofMBUESzAe @@zg'gﬁlés %%‘Eﬁie GAUAL “?ec‘acfaﬁt {))E:gursor stream  into the
cht t e novenent

mani pul ator arm 5 su 't controls

lightgpadtion zemeni pul at or arm The novenent of the

A heat controller 408 can be used to control the heat through conduction heaters or the like
throughout the vapor delivery subsystem, mixing system 366 and conduit 400 to reduce or
eliminate condensation of precursor vapors. A suitable heat controller is model CN132 from
Omega Engineering (Stamford, CT). Overall precursor flow can be controlled/monitored by

a DXS controller from United Instruments (Westbury, NY.). The DXS5 instrument can be
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mani pul ator armresults in the novenent of the
bracket/nozzl e system The velocity and accel eratian
t hroughout the notion can be precisely controlled. A
suitable nmotor is a nodel P22NRXB- LNN- NF-00 from
Pacific Scientific (Rockford, IL). Referring to Fig.
17, dual linear manipul ator 540 conprises a notor
interface bracket 544 with agyotor interface rod 10
546.  Motor interface bracket connects with a first

infRell i 2R o EEANG: BRDLCCD oA M) e g the flow of
ons bppotd valoakts mB2rsand Ths eumnﬂnsﬂn af theShBtemosrprbiesaegated with a
t 64 an cond s r 66. Referring to
°°S<§§. 43 Br %ﬁﬁﬁiF gPﬁﬁgmg@glhﬁ $%§ t he nDtiongof
dual |inear mani pul ator 540 when stops 560, 564

contact ports 440, 442. Support shafts 562, 566 slide
RefemigiphFigor 3sanglid Dy, réegfion chaplertiSoedompritd abhiaptbeastucture 420, a

eal ed th an o-r ng Fur t her as n bhe
wal G P e SHRE RO FE PR fohn e spiiie s dpgson a stnd
436 henshBabucaRs 420 cliBBiisel Rehaddh B3 X HRasRired ddded R8MELTatch 434.
to product conpositions. Support shafts 562, 566 -
Ch@@bmé@tlct\metﬁo PP RGPS A Windgw4dmthats pesitimpg tsr receive light from
las%ngg,ga.eﬁg?até]glﬁ a\]y?rg@ gor e%ﬁ&%q#gg ﬁ]ﬂchn%glzqseh:%ﬂ@ecteﬁ tg 3 %2wl1fr teter (not

showhilr WHaddvwass cﬂhﬂd’ﬂé&‘ a 4626, suali a<  Byliridsieal 1anss lﬂlﬂﬁibbr structure 420
ort the movi ng nozzl e system

. k hel
it S i PG St o Steh St aer i e b eriructure

420 ﬁ@rﬁt@%ﬁf exhllli’s@ sP8sE BrbisoH Wkngvén@s EUSE 44 JS%r rRetfé{'nng to

during translation. In sone e di ment$, the ‘ar
Figc bhphirses Sgrutdtm@@dfurthémnhﬂaes ageactaat pcnr0I458s that/ amned;th eeactant

B T I W

FigFi 5y baflids 460 8Dighide R wCoNRhissS9, @f@msﬁlﬁéw@faﬁﬁﬁm 15@014 two-
592 that connect respectively with vents 450, 45
posiign shuftsp 4 78sandhesielesedl e ppepsg a@hﬁl%ﬁ@rt@ [§5POSE §¥BSR) @reshepld (closed)
waf&%?ﬁer 594, two in-line 45 Sodasorb(r) (WR G ace)
chl orine traps 596, 598 and a punp 600. Conduit 580
connects wth filter 594, and Sodasorb(r) traps 596,

598 | d .bet filt 594 d 600 t
RefESiag G 8ni il 8o YF i A GAaTSH ARG SHEVIReBoRoRY and
drive 8¢ sl Mdv‘f}% tbad f@@%orxﬁ)ﬁ@esgé)rrgbﬁt%% br¥ckeP 58418 08U z1e 508

A suitable punp is, for exanple, dry rotary punp
and frtigen MOWES\EAP.0512. sMohnting Procksts @3@6 cpomect hezzhead@l andgmirror
r tr. rlate ubtr nd
s 10198, NS B ncBOREOBEL R SRR O R AR .10
Nozilh 608 aRo 0dmphees Fubsl featien azao mdj@btaﬁﬁﬂg%e&fonsﬂbshﬂﬁ& ghetal grid
handljng. 5 approaches becone feasible since the

524 potnnghiesiion i@aRdHEIR AR ET1HEHS IhEFCHE BB A2 PHiswible tube
528 HaRaL %ﬂg&éﬁ' 92&9}%%@&’[&??#? 43§ &Qﬁ\ﬁ%}f e 251G INGAT cgﬁlected to

used to bring in, scan ough
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 schematically a top view in Fig. 16, _although other ratios of lengths or widths can be
used. Metal grid 524 divides the flow from funnel section 520 to provide a more uniform
flow 1n rectangular section 522. Noizle designs for flowing reactors are described further in
U.S. Patent 6,919,054 to Gardner et al., entitled "Reactant Nozzles Within Flowing

Reactors," incorporated herein by reference. Referring to Fig. 14, mirror mounts 510, 512
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coating process one or nore tinme, and renove the
~substrate fromthe coating area. Aroller based
system can be convenient since the rollers can be
selected to be tolerant of tenperatures used to heat
the substrate. One or nore of the rollers can be
nmotori zed to 10 propel the S% strate. The roller based
conveyor systemcan interface with additional '

conveyor components as the substrates are noved g
exfend riespketiveba fiory meauating drarkets 2Q4 1461 e l\éléq@véy@mts 510, 512 also
e [
oAb LA Gl 3,2 e B KB AR o SRty

foc&ﬂiﬁg d:bpm imifbrsa The nniepey caﬂ)b@t\mwn @obkoWhei lrgthzgh béi&eeﬂ\mlrrors
€ area substrate 48 arried on rol

SJ@U i AV SO AT ARGIE (oS I TERT B biSaS o csPnect with drive
NERtgui &g that is tolerant. of the
Sy%%g?g%g#% ékpgﬁ%erature range. Rollers 482 can be
f or med fron1quartz or other suitable material. As

hown t e, i con carhi.de resi.stive
Refrr Bdls g ShEm, S0 i £ BuslahbrBRipgnt’ 50 s motor
548 UlS bhat@b&diineht, (e RO0Gr bvedd nidpReChat bd’i?»le% Qo PKOMBSiPulator arm
Reactant inlet nozzle 486 is positioned to direct a
sughe ghgt dhcotfadsy the meviemght of ébetm@npulqtgh armgg The meeament of the
ct str r i
a@g ga?orsmﬁlorg:ﬁﬁﬂ]odﬁ h%o%%%g oggéé) gf?‘a%geft}né)n dg gﬁ Afh \Q:H)Clty and
acdqeleddtdnalirotigteut t}@uﬂicﬁlonl\d@.ﬁ bt ere¢B6lyi conedlivdg A eldtablé rhdSter is a model
P2dlrectlon perBendlcuIar to the a%ﬁ)so that the entire

rom Pagfc iSsiepiaha @nk). giefgringfie Fig. 17, dual
lind£2 TRAS ﬁéﬂ&rejﬁfcohg)%sésl'@ o'icﬁ'tlﬁteﬁyéé &Qcﬁelg %44j %&Qtlﬁdsd HOR)? interface rod

process can be adjusted to achieve particular
54@bjMatdi m&sfae@bracke(ca:rqnheqts it = s tshaft 648 and hesecoml gaft 550, as

sneii e P 27 30 . LR OB g g b g6z, and

secoid EREES50 compAes alRWEIERI and laReSRABUSHIROHa BB S Refehthg to Figs. 13
substrate is heated durlqg t he deposition process to

andgy} bistore S8&0¢ dinHythematia of duel lnganmeripulgtos S4&Guibem pops 560, 564
COIHEC%&)OIQQ‘VE(? {XEE r %Fxﬁﬁ ?ﬁ.ﬁh%ﬁg SQE ps%%dsh%‘ tl%rhg%}héoa}{suéi%u hy respectively,

conposition o ti ng
whichtagd saled odth dreo-gihgnGearhdrmores irmat gk lcyn be fldwsd ﬁetnedhy bhack of the
produce | ayers h varyi ng conp05|t|on whi ch can

trapsiajey) %1 'a F@?%‘dﬁ’élct}’éﬁﬁﬁg@d kegp dnisasi €lraT B IERRCY tRgProduct
corﬁ rOdhaflt $63 6B LAYRE Sithl IhMé 2674 §/stem 424 at support

03|t|o di fferendes. The resul ting transition
branlaatsei34a536:mp¢ca1velyaasshewnm&g thange in conposition
froma first conposition to a second conposition.
Generally, the first conposition and second

SufiRRAsfRd dugPorf iR vinB 8108 A8 PR U2 SF@thehBreactia® P40 can comprise
l'ayers (or adjacent conpositions

a support track to help support the moving nozzle system. For example, a guide rail can be

included on each side of the chamber. The guide rails help to ensure uniformity during

translation. In some embodiments, the arm comprises a ﬂanged rulon bearing that rolls over

the guiding rail.

In one embodiment, exhaust system 358 comprises a conduit 580, as shown schematically in
Fig. 13. Conduit 580 comprises channels 586, 588, 590, 592 that connect respectively with
vents 450, 452, 454, 456. Exhaust system 358 can further comprise a filter 594, two in-line
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in the same |ayer) such that the transition materi al
provi des a gradual transition in 10 conposition

bet ween the two adjacent |layers. Wiile a transition
mat eri al can have two |layers, the transition nmateri al
general ly has at |east three layers, in other

enbodi nents at |east 4 |aye and in further

enbodi ments in the range(s) ron15 | ayers to 100

SRLBTR ol BB BB o B0 50 connecs

witPRI&dr 904, ERNIERAH® EHRISOPPIH & Ma&:ﬁeoe%éeﬁ'ﬁlte} 384 and pump

present disclosure. The total thickness 15 can
608 ¢¢ prvent chiorihe Srome daméng Sermirenybt Mﬁ@ncskcqndt@mmb Jtrap 598
eac thin the W se transit teria
ca 3 itsPYs o e it AR il i i FoErgRump fom
Edh@ngtﬁ@ﬁasﬁﬁhgdyyﬁﬂﬁs | ess than about 25 n1crons in
further enbodinents in the range(s) from about 500 nm
to about 20 microns and in additional enbodinents in

Fo} Ex% hrégﬁ]lgl%(cff)lmfo ﬁﬂstrgtlgg %&)PfOpH!it%r thf }%B g g‘pgrégcﬁes 313 be used.

rson-o I nary art W cogni ze

Wﬂopltoha&t degdsitioro b ﬂﬁeata)@ecsf thé E\h‘bs&aﬁehe “&@@Qhﬁg'@ﬂﬁam handling
of Ia er nunbers and Iaéer thickness are contenpl ated
SPRARFISY aecmerfmfﬁt fiEngst B8 SAttom o dhonprtete srethem e pantacted without

dafﬁ’b thel RG1iS % SRRy §Q:on\téggp§}%s{énﬁ ﬁgédq b'iriﬁ i rscg?ﬁ-ﬁough the

ave app OX|nater ness. arly,
coa.*@g [praveseorchamy@e itimec ampegiove tie suhytram frnmytha ocbatmg lagea. A roller

ui vaI ent eps between | ayers, . of trans
basid P Cam oo POPREDh SHEE HoOBES Rl che Eee tp el dplerant of
tenﬁith@tﬁreP%édetror‘I%t fle! SUBSHEES OAB R MMBIIMRE SolRH ERCEe ndoffRized to
conposition of the material generally is different at

proglf ther eybstritec alhao melleni haedh comneyst systeruraan infepface with additional
cod\B dr° I?Ontent? faggtﬁ;g%g sttrlafég a¥9rnll el] © vay Hgmd%@"%'a{ :ﬁ?rz}?ea Other

cess e nmani pulate produce Sp
sm&bkeucﬁnueﬁﬁ. sySletre rineltidey efoy ,exalrﬁplle 0 Hﬁs—dﬁ&éﬂ edontadgless conveyors with
approaches can be used follow ng the deposition for
“mpﬁgsgﬁﬁﬁH%Fﬁﬁ of selected structures. 47 Using the
deposi ti on approaches descri bed herein, the

conposi tion of product deposited on the substrate can
Ong embh@n@ed oflaicomgydrhsystempio shawmm Bigot&s taogedz&pa ststrate 480 is

carG B oh PRI 6t Pebne s o oR Esnbie fom R, GebRE o other suiabl

mafegisluthbi iagolemﬂbpaietapgfbpﬁatett&@ &afkd %g@awlb@MS@l @A%e formed
the x-y plane. For exanple F t he product 5
from ggB3 iof 08195 siifeblecinatanald &\mshcévrsxne@puﬂggrq ﬁesﬂsqwnsqaﬂadferesxstwe

hea¥£ [ QR4 LAS o%fu% t h%% a0 o?hlre'sﬂfsar %rqg'?)e ? Hhe coatmg

ormed on t e substra Sur ace Coa
proc&ssr'p Bsadtard I’111$1et ndzz1d 1486 ¢y paiticnied itp&sedd r&cteﬁht ﬂ@@'&b iadliytht reactlon

[ g ﬂ?? reactive deposition, the pro
zong 6%% o fhaf B Rrodust Seany it fiergtadyonioisupsiEats QSQ hé lrgéab%aarm@osmoned
r 0 0
o PPl PRl 5 OPIROC Bk SAREP Rord R Y cBliencd in the
direchien peapertdacuar to the page so that the entire width of substrate 480 is coated in one

pass.

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

since a relatively cool substrate can condense the product composition on its surface.
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10 flow can conprise vapor and/or aerosol reactants,
whi ch can be varied to alter the conposition of the
products. Simlarly, dopant concentrations can be
sel ected by varying the conposition and/or quantity
of dopant elenments in the flow The reaction
conditions can also affect &?e resul ti ng product
properties. For exanple, the reaction chanber

pressure, flow rates, radiation intensity, radiation
Howgerrgy) s PERgdimentsoficeMPPERT snhesfedi Gurigethe dgposifig; process to
C
profRe ilhehtif o REnlk RelFaT, ORI, Rrlerdrles tan depend on the
parfitdgresotigsmateriblee product naterlals VWi | e product
conposi ti on changes can .be introduced by changi ng the
reactant flow conposition or the reaction conditions :
Thé"@bﬁlgoﬁw BE Rk éoa%lﬂgsﬂlﬁt@ﬁﬁ dhrqu g&? uﬁ’d'ré’rﬂé‘r?tﬁlly %r discretely to
stre It may desirabl e, especi when nor
producgan |lsiyemarwlth:0/ﬁpm tqomp@ksltloh,af‘@@@l ape mnplos ed gradllalstahpnge in
depES|t|o betmeen t he dlffer h |on 85 .
COI?RR?H FHRR i PP o SIS % %Yer >€1 fgosttion
diffeRAbeQ NEhePREEIHAE nﬁﬁs@orﬁiﬂé&hﬁﬁ&ﬁl vk R sept 'Ms%tchange in composmon
conposi tion and the remaining portions w th anot her
fromonpes icompasitiohéo g iseandatanpasiiione Gengedly, tthe Gty isompesition and

secgncf) gour%gos? eﬁ‘mtﬁe 0%%8)% V\Lotns o?ﬁhu ctentclg?&gz(grlt zlsd?e{%eltlt co%posmons

0si
in t}ﬁr mnlitaﬂe@dr) Eﬁlmh shabsher afadsitién trﬁz&énzilr pidsldat e gtdd@al transition in
remai ni.ng di stance w thout any_coating being
COTRRASKION eerh%leéwﬁp?&sé}cpmohyw Wbl segeition aterigh can have two
1ay&?,3159 %qnsﬁwn %T&ehﬁseﬁqéﬁmhrgé Pa‘%x‘%r 1rf GREL L dlments at
conditions, and t Strate 1's swept ter a s

leaqmérliamts @hd tin ﬁmlfeo bnfohémpfmmjmdhe fdnge(sd (ﬁrom ébayelrszte 100nlayers. A

site tion t coat .th nd conposi ti
perseqof BTG sl it Shen B by Pt Bf OB am SRR LI O these
spedifié réleRo siel dodfeniPl A6€ 88d S&@Mviken BRNPERKI &iSElodiRE. TheEtotal thickness
depositi:on of nore than two conpositions and/or nore

candezgplscted @s gasitasy A®r game mbediveantselanterest.iqaeh fayerewithin the step-
w1s§|t%gg Elglé oa;%(g'tlal gcg[r?ﬁ%ﬁf %%% a.athl%mi'é %ssctﬁ:gn ngﬂfslt%g r% CToRsy in other

he produ OWlisS's

emtsoditherts \Mfslslthaﬁ Blsows LSS tnll @b, iis flxehdd Genjtaslitherts éal theArange(s) from
preci sion controll ed stage/conveyor can,. precise

abop(r3Y PENLOFPUE FB aPictane 281 1aditienglogmbarimgnts da |t1?fi E?ﬁg%s) from
abofit Pﬁﬁh‘oﬁ% %Bo&tom%rgﬁso NA pe rpofr B8 oPRUih&y &ADiPRe a?tp\!vfriirlli Pecognize

opened and cl osed to cont he deposition. Gaps
thatmdditeopabranges Withingbel spewlﬁxpangest dffelaphrfrfuarberﬁ addolagdri thnkness are

confinp IR GRp "L RRF IREThAEIP G o B LOEG I B step-wise
tranbigioh iMgteSd1eRay Or QMG 1HRE %b?roxﬁﬂitélﬁcé%lt udl tHickess. Slmllarly, the
rel atively sharp boundary ween t wo materials.

stepApise charge\ia | opmpositigr anayi Qmaay pot toke eEivaentistens dFtwaen layers of
the&g?ngggﬁkggaﬁuch that troughs or voids can be

y'a part of the |ayer structure, if desired.
The capablllty of directly form ng a dense high

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

following the deposition for the formation of selected structures.
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10 quality coating with selected voids would be a
~unique feature of the light reactive dense

deposition. j sone enbodi nents, a discrete mask can be

used to control the deposition of product

conposition. Wth chem cal vapor deposition and

physi cal vapor deposition, %glayer of 5 material is

built up froman atom c or | ecul ar l-evel, which can

i nvolve intimate binding of the mask to the under | yi ng
Usinglibe depasitinn 2ppreaches dessribsiphasia) e sampasition ?fr@ﬁ?@iﬂt deposited
on %eg%}l%%tlraﬁg IC%E: Eé gl?ang@{i ggﬂg LI]:E Bgilﬁ@? 8§dgg$q8 lﬁr%ggﬁt &ﬂﬁng matenal
wﬁb@ﬁﬁdrfigﬂﬁaﬂcddmﬁ)sﬂwnf aceleviet Hoettioan oh nhie pesdetet to vary the resultmg

sel f-suppartin structure c res ndln to the K,
CorBRRPT e OF, Bist €1Re SRAFEAL cHien the ¥y ﬁneph%r @amleﬁ%s the product
co g&%ﬁﬁlstagetaﬁnééar ane WdePin gt o &bk@%@lthﬁﬁfghaﬁﬁe FH@RY stream,

e coated mask. In contras product” deposition
stripes aregwisiche He femedon the eulptr@td uctfacreswdh difarént chhtongeebnimmsitions

.t sybstrate su fac uch that. a sk

in Gt R S, P A%ERoR o U LT appiRiioR, TRE product

corptsitame cf B¥i heisd Bif ﬁdjﬁbtﬁl’gt tHéOi‘Ha@t@lhtst BaPr@end form the product
significant product mgration past the mask. over the -

comppaBEIons AdYofarying thictsaetian enndiftasseds somg arebasgmenty the reactant
flo galﬁscclggnsk%e %I Qi%o\feée\f?(s]o? rgg‘c?&éi nVVi'l iH h# r g@%ahgc? to alter the

eposi rovi an ef

corﬂﬁds&i’dﬂlaiﬂ tkiepiodua@ a’Sﬂﬁlarl’;&ﬂKparﬁ @bnmtrh‘@nmsldag ba sﬁl&tﬁe&b@ varying
using l.ight reactive ge posi tion. The physical mask
the&QWPOHQ% apd{or gyangity ekfenagt glgments ig ﬂgft Howt urhe rﬁ%rénonm@ndltlons

an" 850 RERChd Reshifi® Sméff)fh?& Sropthed Nator t8m f@asthe GeRtiBE chamber

reaned I nt act fr he surface that 1s coated
preSsues;, oy eates, heddtist neiteesuyaskdiatacpp mangsraecbngthl soncentratlon of

. different fr s maskin R0 ches, adapt e
1ne1? c%{lhentz%asplﬂ tﬁ%l %cﬁglb F{iﬁm %g}pe&ggg ?) Segctan, oW can affect the
conARRIRAGRE Sthef BropkRict BEER PR mARMaf. the formation of

the coating correspondingly involves directing a

product stream at the substrate shielded with the

SLSEERIE Bk il SRR By BUERE e o v
conh@sAion asrsthe Teeetidh sonditiensradike sbleepﬂng d hebsantef thomgh the product

except a t he eni ngs. such t hat uct conpasitio
StfeFF’oFﬁ‘P?’Dé At gne@ea@ bﬁéY}tenofﬁorterFégfg Fah CEMPRSIHORA chppges are

1m;§?)9&f“ B98ep HdiQep JSlﬁﬁ)nnﬁétléveQﬁ QMé AeFerb Rt dgﬁ%ftﬁhnét% mvolwng the

np03|t|ons on the surface by the sel ed pl acenent
dlffolfent lkemppwndnsgs Fot exaople, taanbaidmrmepomonsmﬁ & agbgrate with a first

con??%fﬁ%ﬁéﬁ?ldﬁﬁsﬁwﬁﬁﬁ%oaam%ﬁ&a}%ﬁ% P Raiyhdne sibrate can be

eEshdH 0 PRORE SFekd b B@po\éﬁ ltMe ﬁfs@%bﬁ@béiu@l@% ﬁ%bé&ﬁied point at
venent of the slit can forma desired gre0|se

whigh fterdsppgdopistterarinatod. t Fhoswbsarte pthen sepghessd thegrmainingdistance
Wlﬂrﬁfeu{t‘l gﬁe}agéa%ngfbeﬁg%eﬁ&[rgéf ms&’mpogltl%% e lﬂ?e ﬁr%ggéf Gf?th%x@ ghanged, by

changing the reactant flow or reaction conditions, and the substrate is swept, after a short
period of time for the product flow to stabilize, in the opposite direction to coat the second

composition in a complementary pattern to the first composition.

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

compositions and/or more elaborate patterns on the substrate. In the more elaborate
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In sonme enbodi nents, a plurality of masks can be used
to deposit coating material along a single |ayer. For

exanpl e, follow ng deposition of a pattern through a

first mask, a second 5 conplenentary mask can be used

to deposit material over at |east a portion of the

surface | eft uncovered durin%%deposition wWth the

first mask. Further conplenefntary nasks can be used -

to formconplex patterns while conpleting a sin%Ie, .
pracaspes, oFuper e3mobe nersk ©otlogh depogition Faltijenige pagdush flow is stabilized |

' ' . C Lo ove I

andBf X0 SHLERL OB Bt GRe bk fon AYBOlIed sagelconveyor can
preBely pusiifonl aadasvesp thie tutseste tfhathe rdepositionmaf/a patticbler démposition.

subsequently | evel ed off. For exa , fexture can be .
The ghisa casdhERIqly gRehedandifiased o SR E%fepﬂ&ts% @iipsrm%or may
nof e i8ed NG Plrsht UELMICOL AR BitndAERRP i thd Pitfern. 1t

structure Tor convenient use inthe ultimte
prepemgthetsmaiugdp em llsdlimduneg k. suBsiqectteltbatiog dep todnrmbe smooth

l.eft as desired follow ng the use of the plurali of .
o B SRR S G R R 8L, b AorRtee! ' Mty o
2dH8608lyt {88s cdh bARBEnGhe B54RE s MEhaPREWHES b F0idE @an be integrally a

aval | able to vary the chemcal conposition of coating

partref éhg Hysr olirudiine, Kagesirgd.aridei eapabitifyepdireqthyyopmingoa dense high

f.orm t.hree-, di,nensi I - | S t .
o Db PR DI ThS YRR e R rscive g
depeit@hi al . I n other words, the properties, such as

optical, electromagnetic and/or physical properties,
and/ or chem cal conposition of the coating materials
' | | - Z.
£ f t
tn {ffl BROYREICFR, 3008 rhask M SRS o Yopdor ¥ BiPofion of produc
compssitiand Wathescheimical Mapopderosition ragd gfhysicanypst tiepmasioof a layer of

mat erial s articularly optical terials,.during.a g
mafifighe b OB epedis PRt epigokte: i fedt il Miffate binding
of ¥ Lhsk thnthe Qﬁﬂ'éﬂ%iﬁig ADGtrae IR Htorssi @N@dlebhl® 18t @dtprevent

~application 10/027,906 to Bi et al., entitled "Three
migptierhel Sanatenyi brieg derpstied wpder dlag masl trcblgekes regmgs. Thus, the

Lncorporated h in by, ref n t r .
cod B HSRRY B H 5L npRiof e ifinoRl de; (985408, RRERESporine
strutsira Gotréspondmghionghe Mmesleiand thdheostadshasktie chemaalledr fphysically

t he deposition process can be selected to tolerate the )
bondsfipe g Hriase W dopicdepdlsioniashalgas s qoated magki (g contrast, with
proﬁﬁﬁr&:ﬁﬁéiﬁl)@ 28 Wk AR dPLABE! HeCSrodSUCR ARcAPIRWUIESSthe substrate

and/ o S5 texturing. Sonme substrates becone a
surfaee maremgh paet such thit amask twithat dlaiesvifeee pladedragaiisé another flat

surfEs B ks st cpHRE' bacwal HeBery PosicmEAErT at e mask

ovet Uhd @aR Pima oFNRE QYRR o8k, OWhie @bsBd RYaskd Ban be effectively
addi tional or alternative enbodinents, the substrate

usefldn Hightawpdivardgppaiien, ahysind measksiprayide arhefficient aigmatiye éqicoated

at a later. st througk rel.ease |ayer. Sui
mafls A gl Ehiped ARk LR dbRU PP SEn RUF T Bh B pasis can
haveemaifiat §LIaSeHsortisy chu@sresthhi Bandg|tasges to Peh@irface such that the
suitabl e substrates include, for exanple, netal )
mask can be removed intact from the surface that is coated. Therefore, the discrete mask
approach herein is different from previous masking approaches adapted from

phOtoIithography for vapor deposition approaches.
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substrates, ceram c substrates and the |Iike. The
surface of the substrate can be textured, for
exanpl e, with periodic undul ati ons, periodic bunps,
random or pseudo-randomtexturing wth selected
degree of surface texture or the like. 5 Conposition
O Coatings The perfornance4§ i ght reactive
deposition can be used to produce coatings with a
sel ected conposition froma broad range of avail able
In desmesbadivae's, Bedempationl afythe pﬁ@l@oﬁ%@@qndm% y igughves directing a

pro‘(‘i&m{re%rg a? B Qbstrdl? rsl%ef%& %mte %Jc%t? nﬁs? gL %mfcfert has a

allTine or. anor material "w an optiona

surfhea,ag&herakbyrp @&dntii Qfack, nwmld dpctnuoga; at ddpaadl (=hti@an ”Rhe diseesle mask
to alter the 1.0 hen1ca| and/ or physi cal propg&tles

blogl¢s th grEass CXFRP! 21 the SPHIASY 15 tht of CleRsapfstion freqp ghe flow can
I t

depgglggﬁt t?@%%ﬁﬁ%eogﬂé g{ecgg%&&%ggs ngugsr Icigé&ﬁasptgrb%esoﬁvor Bterning

corgprisudnsrent ghe squm@sbwthnssetdctqdaptapcmérar of mheopstings. In some

conprise sil.i on/ ni um based co ctor
em SR ES el SR AR B oRSE & sk Fthe oA ¥ neguapvep ghan the
proHﬁt@oWu@hWt&%Bﬁbhﬁ@n pfdééss%ﬁ'l‘i@'v@ d}ﬁ'le&géwtc@ﬁtrolled Movement
nmetal /metalloid, and netal/nmetalloi"d conpositions

of the elht cag formmpa alle$1rpét precoeky Q@J@trdlé@i pmmtﬂmnalqrm%e compositions.
trides,

ARG § BtssrefOmAt ord oégﬁf’%ﬁ%?%% S PRSEal | oid sul fi des,
metal /netalloid teI | urides, rretal/rretal | oi d sel eni des,

metal /met al | oi d_arsini des, mixtures thereof, alloys
In sppercadodupents érPé‘i‘rﬁléttyl of maask eandlst used\tq denesitico@ing material along a

sm@ﬁ Tg gllc ?’-g? :CBZ( a &Ela\%? af{}gSltI?g l%F 9%5.%&91‘8 ?BOE%F g %?St rnask a second

comiad 8h&e gt Mkfe@n ik luselt tlékdeerNha@m,al &Jer aneasten patibn Af ths, surface

C D L F H..l, J , MN,adOiS
16%%8%”&?%%%%&‘%8&8%%8} fe fstaMes kR tier PaigBlemppiarg masks can
be Bed B fofm Pmplex fattefas whilel combletifig dsindtk ldf\} @1“?01’901'1 thereof with a

present and is i ndependent 'y sel ected om group
coagumshayinengvanfing| epaspical cﬁonm%ltlp@r oweti ¢he alayer. of Slmﬂarly, non-

S
confit SIERONE QP HAe @ 1Bt RoFbFIIRE [fpefFEO Pt $y or may not be
subsegnéhbniesieled aiff. | Fopkxahslep tﬂb(ﬁuraIMntH&efoaﬁédl rak dﬁnfp&m‘laf ¥lements

of el. (ﬁrrent s), Goup 4B elenents, Goup 5B el enents
formped, yithgaecpremers §1aS]E§r odpe Aextared nstckure @aws lssorporated into the
I t
Sy e K P A el a8 P Sl SRR voids
can Ge @fpaﬁl@smﬂbf@lnmg thads€oDthp piaalety effphyscal amdkeach a,
b, ¢ d, e f, g, h, i, j, k, 1, in, n, and ois
i ndependently sel ected and st0|ch|onetr|cally 10
Thuk aR5isMgRt ke @ep’c@.itidﬁ 4 n%@@f SFRREEL HprddchEl @@%mﬂlewvm the
about 000, 000, with ers of about 1, 10, 100
chernglcompogigon Oﬁq@@o@mam@boudun beversend inadifferentlagers to form three-

dmgﬁ?orngf);u-u%&u&%th selected compositions are selected locations within the material.

In other words, the properties, such as optical, electromagnetic and/or physical properties,

and/or chemical composition of the coating materials can be varied along all three axes, X, y
and z, within the three-dimenéional structure to form the desired assembly. The patterning of
compositions of materials, particularly optical materials, during a light reactive deposition
process 1s described further in copending and commonly assigned U.S. Patent application

10/027,906 to Bi et al., entitled "Three Dimensional Engineering of Optical Structures,"
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contenpl ated. The materials can be crystalline,

~ anor phous or conbi nations thereof. In other words,
the elements can be any elenment fromthe periodic
tabl e other than the noble gases. As descri bed

herein, all inorganic conpositions. are contenpl ated,
as mell as all 15 subsets of(jnorganlc conmpounds as
dlstlnct i nventive grouplngs such as all inorganic

onmpounds or _conbi nati ons thereof except far any

| mcgmqr@té@ Ibgreltt BpesTerBrandghstpRproackenirssbe FBHET adwries for hght
| reaggg&??%)%?moﬁlug tl% tehQHE ug%sr}i?e; eighd the like. For sone

ions of partic I nterest herein, the ful
capabilities of Ilght reactive 20 dep05|t|on Wi th

respect to ge f conpositions generally not be
Thﬁ Sehsate SF]S%@‘?E? the i??POéng BFO&FS 1 Bg % © te@?%%ﬁsﬁ?rgperaﬂms
I :
T O B Bl e

texowimgo Sameonbstrates resomd aatmvxmenaporsmg of fi climaté dewee @fd may be
SCr tIO her ei.n Iates &péthe f or mat |

t he
sl e 4 (PSR, BORARY B REsr can be sed o

forAPHR frédtSsurfabe Fent ot&dl’daiéocfbll(:@fna tiespl3r Ml aBSitiogAl 2% zﬂtematlve
sil ane precursor (SiH4), which absorbs infrared |ight

embpdmeatsCp subsi@ic B WEPOFRY dErt Ohths staictwre fiahls sspptatedrat a later

solPYEMIBL, KBRS 0L Y aNE S, MR, BRI el

ceramit glimses)sudh gatlica gusirs. Wik saitabée dhbkttaeestinclixdes f@nixainple, metal

germani um can be simlarly formed wth germaniu
S‘JbﬁF%tE% CergaC subsirpesandcheyike. s%’swge% eéﬂlefsel?strtawe%he tegpred, for

exag{L}:g& Us{/ﬁlp'tbx?mocﬁ@ n@lbS, Em dRE WS TR Yt & [13(5 F:'Jndom texturing

stitution of germani 30 precursors f I con
withiseeded drgsee GRurfhae tedue oetedidtenent s, it is deS| rabl e
to i ncorporate one or nore dopants into the
silicon/ germani um based sem conductor, for exanple, to
Coln®b&tisr Oy 08ati@E conductors or p-type sem conductors.
Sui tabl e dopants to formn-type sem conductors
The prtarmpugeeofdight igactve slepesiiing, cag be Hseddo prrsiuphenadings ‘(vrﬂ} a selected
cor%goﬁnﬁ{&a%&ﬁlbd?@{)aflg? gg%\(aé le Y m%g(ttlé'ﬁr esﬁpeg %cﬁﬁr ‘the compositions
cansecrmprﬁ;aobjet @ mofwmbfai/bi&taﬁoidOélﬁﬁentzt f@ming laeceysftﬂhne or amorphous
vacanci es, sucF as boron,? ,.alum num ( AI& gglh%am
mategigh with apiPpiiAng) dppapscompesitiamt IngdditionlopapHs) cagt, pe ugsrldo alter the
X ,
ch%ﬁag C‘éﬁiﬁ/gﬁ h)‘;s‘ﬁfal ?o kgl Hfjﬂr;e cfo%inggl %E%%gg?ﬂ gﬁgﬁ éo%'ar'ﬁ@) into the
rea¢t@it XH¥Gicin retsulrt crhhoiumbdtlan of {E1&snt(s) alm@ugh fliel @nating material. In

)
sonf S PRBSP G TS ERR ©f Sk Eufoh eprpti Sieg gopppaum-based

serff€orAL BB Ffbﬁﬁly Wik b Wlested @pasxanpl e, germane (GeHd)
and GeCl4 for vapor delivery. Suitable boron

precursors include, for exanple BC13, BH3, B2H6 and

"In é&%rall,i go%tigg "mat&e! éjne lcg:)r\x/lSn% %or example, elemental metal/metalloid, and -

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

A BpC.DEF G HuliliKiLiMuNOo,
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(NH4) 2B407 for aerosol delivery. Suitable P precursors
- include, for exanple, phosphine 15 (PH3), phosphorous
trichloride (PC1l3), phosphorous pentachl oride (PCl5)
.phosphorous oxychl oride (POC13) for vapor delivery
and phosphoric acid (H3PO4) for aerosol for aerosl
.delivery. Suitable A precursgors i ncl ude, for exanple,
Al H3, A12H6, al um num chlori'de (Al1Cl3) and the |ike
for vapor_del.ivery and aluninun1h¥€roxychlpride-

wherpleaetoly F0IC.HRG FifGr Habr bdolL.dd) Ny ard O suindepspdently present or

r (.nc le, g NV : :
obs Bl o8 e R e s o By PTG )Y BRED s pegent and s
indgpeadetitBosdedtat froapdre gelupvennyistfig gélelamemd of thedperiodiotable of
exanpl e, GaH3, and suitabl e precursors for aeroso
clerEnts \RAPTSIEGSTPIRIrh Y TS, PErP zgaﬁlﬁfné’?tsga(le‘ioilﬂ mB - elements
(mcﬁlﬁ&ifli]%h?e 1RO NA3)rRhily F SR chsPIRGHE a8dd RnhiUASs elb@Ents), Group
exanpl e, AsH3 and °AsCl3, which are suitable. for
4B ehpontglfrioverSB  ekmgniss 2£06up Whi ehmestssOrauwblB dlgnents, Group 8B

aer.oso| recuysor, delivery.in agueous or,al coho
ety eprg 16, FlelRhis” Sralf 2, def i Ren B SRR, Group 44
elerfl@lts, \(Grovp GAA d18dErtaNGragh GAeslerh Oiits, @xaTRbEp 7ANMrbeNts; and each a, b,
- sulfate and indiumtrichloride. Dopant concentrations
¢, Gan fhe, bel.detked Mo nyjapd @ theiderandprtbpaqleqted and stosdhigmetrically
2 i .t 0 t.r &4 o
reoFBREATE el i 8 UG B 8B 1 SERETRY TR o Bbers of
abo(ic 1B)1,0, 1 100f LODOE N 0@TH oioneat $00GEN0) aad tsuithislyt sulnsx thegdh4 being
atons/¢cnB, in-other 30 enbodinments at |east about 1 x
contematsd o g SRAICHANRY HthDF GRISHEIM e ABGEIIOER S cqmpinghons ereof. In
oth@RP4tHs, I e LRt AL BE 2R Rlentdht BofCHPBEL0diO A OBMmEr #3A IR noble
per mllion (ppma), the dopant can “be at |east about
gas€¥, 008 Hepqmbad hereid, Lall mergaandb ouhpesitias are cessmphirolias well as all

0.01.ppna, .in 53 additi,onal, enbqodi nents at | east . :
subgH i HEPTR PR AP SR PP B UG el inorganic
confpRiBds 6r aBebinatioNs Hred D BRoep FHE hSP PaRfculk ddoddoxitidki lstoup of

in the art will recognize that additional ranges of
compepiEAns, Eese fLesnyso AHNGof Figsthenandthpllikei t ranges above

are contenplated and are within the present

di scl osure. Wiile certain people of ordinary skill 5
For isomichepptitdtions ef partidadat , infetesa Rerefir thd fulldesgiabiaiee of light reactive

certai n dopant concentration. ranges for n- type a .
deppsitiqrhWith SFRAFISIO THEES OhGoRPT YT SR, i TePE PFF‘i‘lg- However,

if a PL@a G POS GV ATRIngHIs ik §5mRd u§1rf§ﬁ%l§t'yr§%c?%n'a(§e§ro]sgi15‘% eit may be

general , the dopant concentrations
desirghld o ddyn ¢ostingsbwitied tamgewghcoating Gomaystions  rwt mytedilabove, a
t here i.s a,qgr nt

sniiABE PP o ne AesgRTE et e o B BB BGE e laree area

silicOh@ghRdtiuf HasEEset Rt RTueEr hidteia®). El8@EMthRIII®n can be formed using
efficiencies in the resulting product. Specifically,

a silgpeapricewrser (3¢ds), which abwosbaindraras leght fousa €6h laser tesderoinpose into
elerrliegltﬁael {sﬁfaéggls r%90 S!hglc }e%t%f’i‘t!s alrg 1638 lin Y ﬁé\%,eith%‘&gh other reactants or
light absorbers can be included and an inert gas can be used as a diluent. Elemental
germanium can be similarly formed with germanium precursors, such as GeH,, substituted

for the silicon precursors, and alloys can be formed with partial substitution of germanium

precursors for silicon precursors.
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15 Suitable dielectric materials for appropriate
““applications include, for exanple,

silicon/ germani unf met al oxi des,

si i con/ ger mani unt et al carbides, si i con/ ger mani unt

metal nitrides, conbinations thereof, or m xtures

thereof. If the dielectric is adjacent a

sem conduct or | ayer conprisiib silicon and/or

gernanlun1 it can be convenient to use a :
In @ompegpmdjmngtsﬁ,utl isc desigblembmiingarpantso’ia ioprimetsr deppats into the

_SlllC?I%lﬁgl%}arB.{Lgn base Flflc%r duc:tgll lf‘orc S p&fg etg fg% Fl)lhtgﬁg églja c%h@uctors or

deS|ra 0 1 ncorpor e'a sliiico

p-t$pd $e<ﬁxﬁeonailut:trolrsd eSuitibkd dopans tocmm inttiype eendinciiduictods contnbute extra
silicon carbide as a dielectric adjacent the

- elegrqnse ghchh a5 PHOSPYEFAE dRSUBHEERIC (St HBIROTY ol ith (A Rpiktures  thereof.

sln%ha‘gﬁir LOARS 8@&&%@@93 tpgg s8R BnAY&S c8ﬁm@Pi%3}§JI€sr Be., electron

n an ov cture. I'n particula
vadamtiad, sucls achoras (B),,al@uinuAg(AljugallNim £6d), titdiumi (), oroc@mbinations
be dep03|ted as a conductive material. Al um num (Al)
thegegfi be conveni ently deposited adjacent a p-type
sem conduct or since any al um num t hat n1grates |nto
the sem conductor |ayer contributes as a p-ty
ithbeapriecreors demSidngude, dor compie tsilagu(SiED) monmhécvrpala@e (CISiHs),

-dwﬁ%eé%%%%”???he%ﬁe’ EARRRURRR, (ot TR 637 AR S i o hPLsesvarer

deliRbe bhd@lsBicb® ltettachRIi@a Qi 13y & mObaeﬁﬁrﬁctMtab@see fRBcursors

t he Fropertles of the adjacent materials.
inclidey fosgxamply, gespre aelddiandnEeClitie Vﬁmreéeshevenay&wta@e boron

pre&% qnél[l N 3y %?amo]rsl'l@t 28] alB%iVIur eHl?hag QFE rhk o} 'vggorpgélwery and

ass fan3| t enpera
(NHLQ{EJ@E ddnuereeosm dtliveradjSaiteyie Phpdeetrs@rs smclildb gemeraaiple phosphine

the w of materials bl e
CE oSl e 8 o o Dot b R o1 Phqsphorous
oxychloke (%Cl;?ﬁﬂ Vﬁr@féﬁvé‘y a%H'ﬂn@gﬂh%ngﬁEﬁr(H?ﬂ’Of) Fbr ;Ieli‘@sol for aerosl

rel ease | ayer. respect 'to a release | ayer of an
delivkmmehuitdbls Adiprécorsary mylide, far exemgles iAlHbl Al:Ho dwheem ehloride

hat t_onl ol erates t.he l.tingte re
(AIEPY 4 Medielft vaRL bl ol Rl FrataO bR AR tRer i)
for Sd:ﬂos&(biﬁht/é‘ry| saiati¢ ke byechﬂoﬁelﬁsluwﬁ'ﬁr éRhipe€] SbH, M6ievapor delivery

nolten silicon has a rel atively Iarge surface tension
andihGlafor @etogel edeuhaﬁréf fuiitable maecunons for Agrer deliveryjafigamm mnclude,

for eQ%lJnglqe Gaf—lo arkdX i)l% pr§édé§ec§:r9 Et\%'ln %rBé)?i %eflvséfg Mﬁ o%aﬂfum include, for

hrich si con OXI
example rgaﬁllunsmn'aiee(ﬁasN Op))a Amanitiprecufdoesninckhide t fableramplggast; and

AsqhhoV iR SR forofegon e PGk R0 NFLbs " BoBiispl oF scrosol

| pre&iffm&we AAMRAEGs( N‘glwhd}‘l%oﬁﬁ@n§ 0 @&itﬁ‘lﬁE IRasirdohe fc?rotfhe aerosol

The range of conpositions available w't
delivery of indium include, for example, indium sulfate and mdlum trichloride.

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

be at least about 0.0001 pprha, in further embodiments at least about 0.01 ppma, in
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light reactive deposition is described further in

- copending U S. Patent Application serial 15 nunber
11/017,214 to Chiruvolu et al., entitled "Dense
Coating Formati on by Reactive Deposition,”
i ncorporated herein by reference. Coating Properties
Li ght reactive deposition is..a versatile approach for
the high rate formation of rﬂbh quality 20 coatings.
The coating properties can be considered as deposi

L1 ed

addyiienad emppeiEpentiodtloest gbayttl. b apmA a6 48 Sthey embpdimants %PI@ about 2
r re. d .ted ' 3 i ve bt :

pripfAE BBl P s P oo el b ik P aEn! NEREEREShE 1 BBmiee thr
addifienallepaged icdndopana sareseepumnt Withier she Tdxplipor maptsy abbve are

a |layer can depend in part on th ensity of ) )
corierpplpted aad apcayyrhin t ?Plteﬁ%‘té&ﬁ&qu\ﬁfg’- &ﬂ@%mlt Beprl pfprdinary skill
- tis¥ gl Yo l-ar | {oVaesiohgte COAih MO pAANSH Ankti}Ranges for n-
in ey 1 nst’gbihln?tq{/;? llesighBte <8 l'ayers 25 intended s
type ehé astgpé dypanss, ¢lm nbtipuipostafsed hyretheposioidgossblhambiguities or
. relatively small nechanical stability. The coatings
ICONSSINEISor med with smooth surfaces and a high degree

of uniformty both across a particular coating as

wel | as between coatings on different substrates
In graerabrthe dopanidenceagationsi rept ormarinot b ynifqumely eistributed through a
laydl APREERLSS R'Q edS'P Mt &Q{e%ta' OQdi?{n, Sl 40%5&1%?ﬁon. A

Surface area structures as wel'l el i plelfayers o

gralliahgeanaiecdiers tvideC tSirch s gritfiehtecanite @bmtddngsidl desimnbleefficiencies
snmooth, texture with controlled properties can

i RoFRLBERIPHHSTy SRRy geradicntsneas Histfacesoand intpriages canrpg useful
ﬁ”%ﬁ%ekgﬁﬁ§9§ﬁ§kk¥sﬁguﬁw%gﬁhﬁ' gﬁif'valuated relative to

densified materia e same conposition.
For coatings deposited with | ower densities, the

. ti can have. el ati ve density of no.npre than
suffLiT8EE" Py nEF SRbiriEn: Pl rBiorRodie: 167 sxemale
sili@atsimafiufvmafat okited! KifitoreptraRhimetdl r QMia&0 WiliddnAetRanium/

about 0.5. In general, the a dense coating 5 can have
metgl pigridas; gembiaagonsythereof iy mixtyey Sieresf. df theedislecisogtadjacent a

i I i r
serf B3y S S EEIAEL RO b LU BOOFLS) nLEATARRLL wsc
cortespoaid gt sillcddBeermaiuvinncompositien femhedidientis Thust e a silicon-based
range(s) from about 0.80 to about 0.95, A person of .
phog)rv&?tﬁy%rz; Ay ‘q>q dquallg‘l.ﬁ do g}cprmrqitp arsgl&ggrﬂxicg:, g$gtcon nitride, a silicon
oxyBfdid | anabr rANGRSoIM {dtbidet RESE IRBGIEL CadjdES RS silicon-based
coating density are contenplated and are"within the
sempgomdeetpr.di scl osure. Light reactive 10 deposition can

forma dense coating with approxi mately the sane
density as the fully densified material. Regardl ess

Suitabletddadaangidlactiolied b bldgoditedss 8eHRE bt 8 haBOAL Wi an overall
during post processing the density can be increased

y Cé . .
struglyred kgl Ragiicul s, Bmetdy, segteds AhiGie Ay b Nhend Hietlikgl can be deposited
[ e Ah ens| T nsi f. - e
as a%gg‘?ﬁl‘%‘ée élgage e1. é&%}ilﬁé‘ﬂ‘e{%ﬁ&y“v\%ﬁ %v?%a&t‘tl)héep%snécpaedjadc%ﬂts'a p-type
semiconductor since any aluminum that migrates into the semiconductor layer contributes
as a p-type dopant to form a better contact. Suitable materials for transparent/transtucent

electrodes include, for example, tin oxide and indium tin oxide.

Suitable materials for a release layer can be selected based on the properties of the

adjacent materials. In particular, in some embodiments, the release layer is formed from a
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substrate before and after coating and dividing the
“weight by the volume of the coating. 15 Coati ng _

t hi ckness can be eval uat ed usi ng scanni ng el ectron -

m croscopy. A decrease in density nmay or nay not be

associated wth a neasurable porosity of the surface.

Porosity can al so be evalua&;d usi ng scanni ng

el ectron mcroscopy (SEM. To obtain particul ar

obj ectives, the features of a_coating can be varied

mafgriah Wisls pe dighep mItng s Pt ik gransiiper smyeratpe than the flow

ten R o Wt T AL B e e e R i T of materials
avdimbkr wah lighnrdaetiveodspbsizion, 4 pemopaf vrdindrarskilbmathiecint can select a
the substrate. In addjtion, pultiple |layers of coatin
suifai{o FIdmIob 4ot e raléwsiae/%rd QVH@C%P&E& foof FEigaset i ot gremental
silitQf mgéeyt_qg eMiabl 1FisEEOr LAY GRIMPS bBJ{yQBl%raté' ik i temperature
the Coating-can be nmade a uniform thickness, or
of gli¢drebus aisoprats mohen giticarhes thatithe sidicen tsdassiiketyotat edd wihieh melted
. different. 25 thi cknes of cpatjn erial. 2
s PPEPEAIORR A8 5 DoV E e PR a1 Bnalgs dar a release
layBY for bgidbhNAclidte fenaQmpid adetonfnifride (SURS! 6radiBeon’ ALY oxide
to the particle nozzle, by making nultiple sweeps of
(SiPerti2dns of the substrate that receive a thicker
coating or by patterning the |ayer, for exanple, with
a mask. Approaches for the selective deposition of
Forcoateriay symliesfsi ial a saativedfisw) slintlcahiogen sblucey fimhidépkor example,
or. additignally, a I%yer can be contoured by etching
O20b20 1 comipnatiore hgpdlodndFuidie st Foss. sapcesTREde, for example,
am}r@}ﬂﬁr(%l—?gg, NRIR dodlbinatts R3&ir bigd rgx?%eeéfrbo itﬁ%ﬁgrg{/difigle with
particul-ar ﬁayers that do not have The sa pl anar _
lighg xtantitve alepoditiver is|deyatted fEoheremawpteling Ohe PagerAspphimytion serial

over ent i substrat e surface o A e. . )
o et B PO PRl 8 60 ey BEEseChodinecf ERavion by Reactive
Depds@fnl, 'Ol cébofald hebdi® By ret@nsd!ir face. In this way, the

| ayers can formone or nore |ocalized devices. At any

5 particular point along the planar substrate, a
Co to.opali.vi ew through the structures may reveal a
unber of identifiable layers than at
Lightwehdtbe depoditiorais angrdatie spiprdaaie dor the givh meaotmatton of high quality

deposjtion.can be used_.to formifhick coatings. .
Coa%&e@éw, CORtNgG RPRFTAEEIR0 95 SONSIYRY %_Sacgeegsﬂpgran@%r Aftes poptrdpmosition

pro€idghh U ¥ @81k M ersfay de%%médﬁﬁﬁfgq t feBetRidehosRtibn, there may or may

appropriate coating thickness is generally
not hre déditiorel processmk betwenn thealepoditiimofacabsenusnt taersbdhe porosity-of a

formed as.appropriate. Thickness js ur e : . .
iR BTt BP O AHY of BECT R Aor LB (LR i rgosied with &
relaﬁtfélfl QirgE RleRAS, eheNT4inR Beifed|OER BE@RANIcHONaiRIE while some layers

appl i cations, the coatings have a thickness "in the

intepdgshs(rsleasstlayses eaprhe numpasely depaoebioniaye selatively soelhmechanical
i i h t . .
s TR L Wb ATARE Shofh AR TUhE MALBRMS pjomic

botlf acossalyarticubr ¢Gmtingaowell es SettveeradvatihgslQi flerefudsteae gefformed
further enbodinments in the range(s) from about 10Q

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 coatings

can be smooth, texture with controlled properties can correspondingly be designed into the

coating.
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range(s) within these explicit ranges and subranges
are contenpl ated and are enconpassed within the
present disclosure. 20 The approaches descri bed herein
provide for the formation of Sating | ayers that have

very high uniformty within aTayer and between |ayers
ndi.ti ons. Thicknesses of a

d |
"lf'h% rgﬁglvg ?g%@ty ggllnelo%ggg?tbsa%v H:d rleépveeg@athﬁ ifelly ggnsified pnaterial of the

coat 1 ng

sl coaipakiyish.S E%@rboﬁﬁnééeclépgﬁféﬁdwﬂﬁ‘ lcﬁv%r ?mg LGhd Q atmfﬁocran have a

exanpl e, at about 10 points al ong direc

rglﬁ‘@veacﬂf@@@y qﬁjlog@@rmtlg,anaahogs&ﬁ hmﬁp’éxmpenbbdmubraf from about 0.10 to about
e_and stapdard devi ati on can

R, e i Bl B BB ou P 2 AP 4, B\aePeral ivga dense coating

camhadeneshitian densttffl Iuﬁih@ esszelt of redst Xbo‘ﬁt 08558 3kHeP grgbodlments in the
band al ong t edge can be

g SoH @32&'a&?%§2&9nmme oiebdnantléo doui aTs arabout 0.
afMd i & tHePle gn Sﬁ%ggglaﬁtg? gg_%%{]?t 8, é%utg)néw {‘?e ont 81% A person of

at | east a
rdamege 6! intthd @t will hengbotiat édhltldﬁlapfaﬁgé%,wﬂtkﬁn Hele Epec1ﬁc ranges of

004E§ d’ ﬁis | ess than _about 5 microns and in furth
Bkt &re eontemRipsdiand, age rwithindhe presentrdisclasmes, lhrght reactive
dégdditibh dan  fohe aSH@ﬁk‘éa{dit \Q/lﬁf 5@?0)8}% ﬁ&‘? g? \elgarngqufrggy as the fully

t hi ckness between a |ty
densified reajerial.aRegar dlcsﬁn@lﬁ the dersity aff theeinitiab &-ddphsifed @iy, 4Qring post

t her, enbodi nts.l ess than about 5

PSSR e A R 5 ot Wi e il censi

toaﬂhelﬂlll AefWiGr OTige dénsREFARe @fa sar

“\lgl r ecognl ze t hafg?addl ti or}la &gﬁ% gatlfgéné%}l%d?e&g}?“%lghmg the
g Relore and after epating end dnddlbgtth&ewmghayprﬂse oblute of the coating.

ran es above

C&lithgahRREesS %Qr? glaygldtllll § Qlﬁl’u{elg% eCBP%g%lﬁRO copy. A decrease in

ar e _cont enpl ate are
degpigriney wr may ron bs mnsz)celrédadiﬂﬁre Hhéasurdsie )po}d%i@% ¥ EHea% race. Porosity

8%@% %ﬁ a dense coatlng Wth or wit
3t um%ﬁ?%¥ngﬁ%§F?Qﬁmﬁu§§ﬁcqny(§Eh®eveci For
enbodi ments in which surface 10 texturing is desired,

the | ow surface roughness val ues described bel ow

To, gbtpiac partigidar,oljeesivias, t the deattiee of ur tatiag ranPenesRdt WAl respect to
ughness i s

d.if d d.
A A N T C N U NN

Gmhmlly,uuoffame afdevice ﬁim%hﬁg)i@}ateng éaﬂ‘nq{qu&htz&ﬁ&rﬁ g&fﬁ?ﬂﬂqgcanon on

th ticularly suited for the eval uation of
er%lhgtfﬂﬁ%% ad@‘\'}‘@?a rp%lﬂpiedweéﬂofaaom rdaferiql @ant bevéepasickd in a controlled

fashﬁ)'ﬁ%%hﬁ’ na ’\fﬁ’ d1f¥eq nte%%ﬁsﬁgn gméflgotgl% ?ca%ttsngr@élnbe made a

m cr oscopy can
unls"(tfmartbclsrwss‘ accreduffatt@h RStoreVEr thaNsubRRE Wsh NG %oa%éh with different
ﬂnq%¢ gy 20 n1cro area of a substrate, which

¢ %Sﬁ 8 c?aémﬁetp%tplﬁ asDifferent coating thicknesses can be apphed such as by
varying the sweep speed of the substrate relative to the particle nozzle, by making multiple
sweeps of portions of the substrate that receive a thicker coating or by patterning the layer,'
for example, with a mask. Approaches for the selective deposition of coating material are
described above. Altematl'vely or additionally, a layer can be contoured by etchmo or the

like following deposition.
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RAFM A suitable AFM i nstrunent includes, for exanple,
-~ a Dgital Instrunents (Santa Barbara, CA) Mbdel
Nanoscope(r) 4. Using the techniques described her ei n,
RAFM val ues and simlarly average roughness val ues
(Ra) can be obtained in the ranges of no nore than 20
about 0.5 nanoneters (nm, d in other enbodinents in
the ranges fromabout 0.1 n o about 0.3 nm
Interferonetry can be used to obtain surface roughness
Thyse da5grsedfenaisTiaheds daseritgd rheatipa®ay sO@RTsEsPY B4, laysn dhag do not

havé 30 Hnid Har e éeﬂto?ﬁér? t}‘drcex% f'éo%el' eré‘ﬂla%%bé}%e entire
ace .

non- cont que t can easut e su
subktoate uréRs of acbargs ﬂbetmnmfex/hﬂa)othéﬂ lh)l'elrsnﬁivm‘ a smalll@s&actdbn of the
suitable interfero r|c profjiler using dig i gnal :
subfrale 8urdicRg [p Ghis svagh Tayess po PO G F II%OTﬁé%Fél{] AEEceR. s At any

par@cu\fgfgﬁlrﬁ %fo'n%%eoﬁlé}fak lsﬁ’d's Et'é OMMBEEP vle(ls%f gﬁ %de%’ﬂlu@ﬁ.res may reveal

ury, Usi ng |ght reacti eposi tion,
a dlff@x:ant meaber of idenefiably hpere than etigiotiess poitRalpng the swddages
and sinmlarly the average surface roughness (Ra) over
480 mcrons x 736 microns can be obtained in the

L1ghtafé9&§veQi BRiOPER baRake bl Qmem,@mlés N HoWeBE¥khe approach has
enbodi nents fromabout 1 nmto about nm A person of

advemtelgqsafmyfognmelhlghmmh@ cqptingsifr ap@bcateosghwlmh fthappropriate coating

ddi ti opal urface r s wthin th
nicRfih) b PoeiQodBsmdle B0 Sl et LR, Pl o oy, formed as
appfipgiaRnt THickadsoSs!mteasid8d péipendienlhtitd i@ pdfechén plane in which the
- characterized wwth a peak-to-peak distance. The
strugiues hage pesRUr SIrisenRed Eersente appkcasions. teneostingi havoe thickness

f o

i A NI o0 b 08 RE TSRS, Mg o
no fnoemhaid @biéut V0 migrdne, inaduditionsl ernbo‘diments lim tieonamge(s) from about 5

nang PR 4B gAY e e rBrLsO FereaempedRRan fif HaAmdm sbout 100
nanSABREY 13BIbbEt 50 aRraROUA sHsoh® ol ihryokilf GO HRESt w1]ﬂb%§§nze that

paranmeters can be determ ned from an exam nation of
additigealsnge{ee Withinhthsieapipling raeges cand owbrangeo stsogsytenyplated and are

enc?‘ﬁé\%gadd{ﬂ@lg a(}}gsre}{t(ﬁgd&sm n the art will recognize

ranges 5t texture paraneters within
the explicit ranges above are contenpl ated and are
within the present disclosure. 10 Due to the very

TheganpaichevAescabed bt Poyids ton the éormaglﬁndzfa&qaﬁrgg layers ' B have

r t | r :
veck Rt B0, iy EEh| UEIEPIRI Pl e vl
conditidhh s Thickhésses sfubstatiagdayer lvan Dehstasated, ﬁnrdaempkeam'atﬂ an SEM

Wit h e or. nultiple passes o the ubst t hr ou
analfs 458 B GO R SRR PRaPT AP R P PG U e o s
direbS&H ahll 408t 3UbSIABL Rrds ﬁl@ulgabynmm&«%dmeai% t AR 4BRge and
i nl et nozzle of the reactor such that the product

stand andedeiviation gpip bo Rbteimeed fspmy these measurements. In evaluating thickness and

thickness uniformity of a coating layer, a one centimeter band along the edge can be

excluded.

In some embodiments, one standard deviation of the thickness on a substrate with an area

- of at least about 25 square centimeters can be in the range(s) of less than about 10

microns, in other embodiments less than about 5 microns and in further embodiments

from about 0.5 to about 2.5 microns. In addition, the standard deviation of the average
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wi de or wider than the substrate. Wth nmultiple
"passes, the substrate is noved relative to the nozzle
in a direction oriented along the width of the
substrate. Thus, it is straightforward to coat
substrates in sonme enbodiments with a width of at

| east about 20 centineters, fn ot her enbodi nents at

| east about 25 cm in addi ti onaI enbodi ments from 20

about 30 cmto about 2 neters, in further enbodjnments
thiglgepiob&wesmam PRBYLY of S@Sﬁéteé At O S qBBAHETL SRS ORE 1963 be less
r r
tref 3B Fo pliBnt, FRABECrm B ARERE 1o 3 ApBRLY silloly ohdin forther
embbdibteatsvirdnh iabout me]stb abopt 2 eiitronandgersenef oediheypkdl iadhe art will
and are within the present dj sclos 5 1n ner al
recpgpize Shaj diiondl detigiqng gt esa.%@ﬂajf@ﬁ%ang DfeeRdayers of
diffr e RuBdirates SMARSE R xRt Gk BBV BY dR&rnGRREE REd are within the
process, the substrate is generally noved relative to
pres¢rsdisehugt1ﬂe and not relative to its width. Wth this
general principle in mnd, the distinction nmay or may
not be particularly relevant for a particul ar
In §34RS EMBbEmERRE vEgTIgWsurface @&ﬁ%ﬁbslSonQ Al denbd Bd4tRG, WY or without
the ability to su pport the s trate for coating.
conpplidatione 9gt hsﬁubamtwaratbq aelieveds [Far g@lwuamt&b@uwhmb surface

texgﬁlrrgr i désnrlea o %Qéoé'ur%r;g O%u%l%n {s@s qgr Ies | g &l%gdg%ef%gvo lilcg,ﬂect ‘the

ﬁbmmty of th@ﬁ&feﬁ:e amghnessaﬁmh dah e akhievdbididesirdds $uride roughness is
bout 40 nmtao about 2 neters.,_ A persgn of ordinary
evalyated geperilhe Wil Tgamert f%@ogpﬁcz%c gt o5ghe SyHfipes diraicomparison.

Dlﬁ&%%clﬁﬁ%u%g Bsiy 8¢ %aﬁﬁﬂﬁhﬁéﬁuﬂs& I%Inthtehiﬁ/%ﬁlaﬁ&p o %{ntface roughness

ranges are contenplated are wthin the present
ovedi petiosdar geasAgua to egué tandf rebaintign adshies. t &ocroactample atom1c force

mi ek PhERL &t I oS ey PhEmet Pt sibie PR over an

app@@ﬁirﬂa’ééui(ﬁﬁncrﬁhl st IeieSGos ReAt ST £ &fbsﬁré‘t’ée whidhr i 36Rr@d @8 herein as
of | east about 900 square centi net ers (cn2), in

RAmurAr}%mta@ﬁb%HMn@ﬁmerat includess tfor peareple,00 Pigiwgd, Inftruments (Santa

Barggrql EA? rl\%c%e? M?%%% fﬁgﬂ%ﬁﬁe tlééhr&rép g d%%b%g fh%lbe%l tRAFM values

rom

andashmuhrIQ 50MageBugimeadvaliesYRAPcan \Betobtdime] inakd tangys dfho more than
g]thl n structures through the use of a rel ease
o2l

nanprRgters{pge, and,inother srbadiments Nthe sangsiPRkibowt Pl nm to
aboBt’J‘O@'rﬁﬁ“ Blidr¥erb by 84d BCHAI]S oblath AR e&@ﬂé@ﬂéﬁmeﬁﬁ ts over

| arge surface area structures can hav hi ckness o
largep areas, sutthasd &boidrors 734 mpeoms: | An mtwhememmoﬂ]emmgoptwal
om)?ethana t 250 mcrons, in additional

ROTSRBIH nEHTL0 b r G FREAS TS BB {ECE OFgURRR D NE n el fenometer  to

milfitefeh §Eal &TD AdiIRBLeSintdr R ABAU profilet %Elﬁ@&il%‘l 35@?\\41 pRRessing to
m crons. A person of ordi nary skill int art wll

obtgia é@réﬁﬁezI@Oﬁlﬁaneaa@r@men@ﬁal Wik gerées profelar frameV eace dnstguments Inc.
(chdglﬁ%léhﬁ_lplﬁ :3§§\rﬁ]ﬂgtl aéhg csthv%x et-rhsg de 821@%1?,%0%? or}llganagc?uare surface
roughness (Rims) values and similarly the average surface roughness (R,) over 480 microns
x 736 microns can be obtained in the ranges of no more than about 10 nm and in further
embodiments from about 1 nm to about 5 nm. A person of ordinary skill in the art will
recognize that additional ranges of surface roughness within the explicit ranges are

contemplated and are within the present disclosure.
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~disclosure. Wile these thin, large area structures
can-be forned with a range of materials that can be
produced with |light reactive deposition, in sone '
enbodi ments there is particular interest in thin
silicon/ germani um based. sem conductor materials with
or wthout dopants. 20 The p operties of the sheet as
a seniconducting naterial can be described in terns of
m nori.t h and carrier

r djff u t
Thﬁéﬁ?f%f% caEbF BHAESUAIE ¥t aab‘iﬂ% rieepl distanche The avsege eak-to-
pefl dRtdndE 38K b1 MG dbBuCHE hef todh § fitisiodl hnenahl embodlments from
correlates with a slower reconbination rate and
ab@ér&b@srportdlabguw ghercrchSfarxdl lenﬁuytth emh@ilplhmtlso"xmhtahom 500 nm to

abougrSrrlng:Forg[ fl? agxlns ﬁm|lb8ﬂ1 Sf g}e ath%ige s ope § of'a Pt peak dan ange from about

30%b lab6@Ng (D aESFBEY m@aﬁaﬁﬂer SEPOERBAY Gt aBRRE0 ©f atdlt 50 degrees.
| east about 30 microns and in further enbodi nents at

Theseaparamefistuean7ios Aetersined frAnpém @éﬁn@xﬁtl@r af ﬁmgur@ne Withi seanning

n
o kg i, 85858 e S8 B0 Sbe PSR o
rangee o{NItdxltllLrE ﬁai’@neﬂér@%ﬂhn thk S}C}ilﬁﬁwﬂaﬁgesﬁdbolveléf@&&ﬁ&nplated and are
rity carrler di ffusion length can be obtained by
W“’ih}f‘pt?‘S\PF‘ﬁ‘@nt dICIQWEE. crystal linity of the material and
obtaining a | arger average crystallite size. 60 The
mnority carrier diffusion |length can be correl ated
Duwit¢ thecary hizh depésétid)mtwaimlha'sed wiith o hilgh coatitrg weriformity with light

o B SE R LD SIS0 EQRL Sl
subtsf}&’é ihe sUBsFhtd QanRASIAER Wit bAE BAmMLIIIS PSS (ﬁ"ih@guﬂst}%e through

ie. Hgh resolution scans of thé naterial can
thedm qﬁé@emu Skegifically, arstrigld pass\eal b seerbifithe substrhte is roughly no

wuf%?‘?}?arn' th ? I}t%%ﬁyl%%f q.lﬁe %?ctopg%ﬁrt&g Tj‘lg l%duf}rg?ream 1S %Bg,lroyt(lglately as

arn a eso i‘on d

' w1d3:0)rrW1C1F:Dthﬁn oy adstritbe VEith inattiplepadsbig tieedibeedé ucihoved relative to

material. The citation for the |Isenberqg article is

the JBQAAHfAIN of WSO PISHIFS] along othe7yidtb ad. Hi7 Sulistratenpr Thus, it is
aggﬁ’@}waﬁntto' Jola{eglbsgrwidqﬁ)rﬁ@e&ﬁggdufn hts lvﬁ{hez{ @Jujlt}{ é)“f%?‘ fgag’tea%out 20

neasur enent of m nori ty <carrier ensi t
centijrfegers, rm@‘thdr/@aémdmiﬂ atpeash @b@bhte? Saoml, Ihl addttlonal embodlments from

snJP5) 500550 o DB S aD e G SHS0EES e nd
in sbﬂ{ecéﬂl@&dlﬁlent@fnosrﬁ@fet that ] Ifaéteds. CAIlgeRBh 0@%%19;9?%‘1{91 frf-:ﬂh'etart will
volta%g based on neasurenents of carrier |ifeétines.

recagyeze et addienal ranges jof Madila avifhie dese explidit tahges2@e tpontemplated

Qﬂ%?ﬂ Sol ar Energy Conference and
Mmggﬁibl I O Bﬁ%&¥di%%%gr2005 Bar cel ona, Spain, entitled
"Predicting Multi- Crystalline Silicon Solar Cel

Par a _%ers From Carrier Density |pmages," incorporated
In aﬁ@ewge F ROBFRREFRriBn dansthng @PWF \ﬁém“aﬁ}?r\bﬂé’é}h of grsubstrate in

thatCc®iMn@Ghe k@a?tﬁlgeﬁg)ée@}tth@ E‘ub%trat%qg"g&?erﬁw 5604 relative to its length and
nof relative to its width. With this general principle in mind, the distinction may or may
not be particularly relevant for a particular substraté. The length is generally only limited
by the ability to support the substrate for coating. Thus, lengths can be at least as large as
about 10 meters, in some embodiments from about 10 cm to about 5 meters, in further
embodiments from about 30 cnﬁ to about 4 meters and in additional embodiments from

about 40 nm to about 2 meters. A person of ordinary skill in the art will recognize that
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performance of silicon material is described in Trupke
et al., Applied Physics Letters 87:093503 (2005),
entitled "Suns-photol um nescence: Contactiess '
deternination_of current-vol tage characteristics of
silicon wafers," incorporated herein by reference. The
processes in the Trupke artlgée can be generalized for
spatial resolution across the 20 seni conduct or
urface. ility is a significant paranete

adqigpn é’ﬁql%eérﬂf[wgatfat% nuita thesecgxalieit OHILES are contemplated and
area\pﬂluhqﬁt}%@%t dfefoste sem conductor sheets descri bed

her ei n he el ectron nobilities can be at |east about
5 ch/VS in further enbodlnents at | east about 10

Cn2Ns |no er25e wmu t out
Aol Stk BB B 3t GIRGAF aRI I4EER LS 4P \fp: the coated
subs@eRy Rth ehavé h»@fy aegd thonal aréa%n OBS patticElaf rusbrdi@bitebtsycan have

within the ranges above are contenplated and are

surfijce Hirepstafeat peast ebut R0 slaparg rasntimeigrsuéem’brin (fﬁﬁh%rrfrmlmdiments at

BBl 1200 1, SEOREPA o BRTRL vl By TRT LRt ol s

metety &henanalnﬁh ddaeh aﬁbodlﬂfen&b@é‘m rdbagt PS@permt ite3bet Sim With the -
Sem conductor Substrate in a Fabrication Line,

abijihycte iy e strpenigs Hreneh e upepickielease layers sweder@atsuﬁape@rreas can

" be POmBRARE ifH gar%clﬁg.gg%ﬂdéﬁqc&ﬂesLaﬂleEong] %ﬁ%o&?ﬁnts, 1§/e large surface

conmposi tions can sel ected duri ng deposi
areapyruopirésatal yhaverta ddclaiessy of proe cwors ahan iabba@ & h@illimeter, in other

emg? ’g’tﬁaﬁg :niof}hrglfeela aIfl g{’OLB %ﬁ%} Idgl:C{ang:] odugeL Lo ng emLocﬁIrnrc]eralttsl n\oerlnore than

abckit 1 OE RArERy m&ltﬂﬁtﬁ@%ﬁﬂ)oaﬁﬁ@rﬁQE%%gﬁt 5 ﬁﬁ&of?setor%ghtf $@fhicrons.
across the 5-entire coating or selected portion

A R%@me&forﬁmmowhgn ther arhwiild necognizh ¢hat ayielltlonﬂaamyomf sgfface area
and tﬁgzknésém{hu? ae f.{xg it r gffc%'otv' %{-‘esco%ltgnq atteflI an )é}; ?he present

coat1 ng sur ce an I ons

dis¢lbsuek nedsle tHése tl‘iliﬁdia.fgechaéa s)ﬁlcﬁfrei & wedonned witha range of materials
general ly .can be perfornmed with either powder

thaty 63t DfigRIOGHCe Ndr igRateaRdye deppsitianerial Joyne GRbogimansy ghere is
partiQfid Yit0dsteh LRt Si1icay Q‘ﬁ'haiﬂglll JpE&dt S 1'38n<ilﬁ¥o§ Aferdls with or
g 6 ment . The

conposition conprisin sired e
witberridopandtict or nmaterial can be heated near or at its

nelting tenperature to incorporate the elenent into

t he sem conductor materials. Patterning approaches

TheC pidpBigict 9Edhd @hée@%@rap&hﬁéﬁldhbﬁng?hﬁami %an %H%séﬁbed in terms of
dopants, into a portion of the " |ayer.

rmnmjw f:aymﬁrgdm%dpngtb agd ca@eu gp@phtys)l:/oa@hpt[owv]eé(lg)applmnons the
Preé%ﬁ (%flr \%glli'%rggro ect ggﬁﬁgort Irzﬁfﬁnh Ofc{,t}:]elagﬁ gh 27 slower
reccﬁﬂhﬁhatmm rafe dnidex doal)egfondmg hlgher efficiency of the photovoltaic cell. Thus, it
is desirable to have a minority carrier diffusion length for the silicon/germanium-based
semiconductor sheet of at least about 30 microns and in further embodiments at least
about 70 microns. A person of ordinary skill in the art will recognize that additional
ranges of minority carrier diffusion length are contemplated and are within the present
disclosure. An increased mihority carrier diffusion length can be obtained by improving

the crystallinity of the material and obtaining a larger average crystallite size.
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using solution barriers or the Iike. Alternatively or
~additionally, a portion of the layer can be covered

with a mask, such as conventional resist used in

el ectronic processing, to block 20 mgration of the

nodi fying el ement into the masked regions. Referring

to an enbodinent in Fig. 19O | ayer 600 can be in

contact with mask 602 confiﬁ%ng contact of a nodifying
- conposition wth the layer to an area _uncovered by the
Thergmigorifyh sprriet lffesien i1?¥§¥h Sag dise gorrglated nwith qegipr lifetime values.
MIREY B N SRRl it PENERS el SR operating i the
infraosdi poritiogs el eie spestramnthlae is espdetnt mabduye apfpdred drahomistien of the

sane _and/or different_ 25 portions of | ayer . .
sargpif e #ﬁ&g rF%?éut}?&s%?%o%ﬁﬁAgé‘i‘?ﬂa]e%’sg? Pﬁﬁl@fie@lg%yt He article by

Isefbdrf @F @Ntdesddl kv ARG & 8IMBIHaSed H8& 0L L¥hBrcial CCD camera to
conpositions or elenents thereof can be incorporated

obthintaoreslgtiomtiewn &0 30 hricnogh atrest the rsexfaceestt thasethmondws@rmaterial.

Thirkitong bt S BREh AL ARS8 (a7 0

* ApAT hd@)jedntitiddnUnfagnsemtinen afor Rateatll NPscNA AREQLEMMLLIT minority

t he added conpositions being added as_ inks, which
carpgrt deppidies yndclatstimes: I easuramsng prn¢ipleanddsKiapplieasions digorporated
{0l A , Ank et h L n Ss - )
ey ATBLS, Ay BEAPAAR 0D RAUBCRSIN o0 of shor
cirduft ctfdeahaddepencirchit voltagnbdsed Pk smetslierentst dfecamtdr difétdtles. The
osition to nodify the coating conposition.

cO )
Goldsenugt |agticle prasr Pissend Af B pOdhdneepeaantiniovalials, Selge Energy
- o I 1 I n . - " . ._
Cofftrchbc anflxibidhy 0:3p JHAYIS? PAfceliGpaiGVhHPE biekiting Muli
CrysfatjiniedSdisom Sotar nfelb Perainekers dFromu@pligr dzpsity $mbgesd incorporated
sem copduct or, terjal is d ri bed further in
herglf B GOFETor O LEOIEYC SRR (@R eRrdET e mAyef charge-current
perfRPhBr® 8891iteh Hia@FlalBd Hefkibed in TOpKd bl DPPIRA Physics Letters

Di spersions and Processes for Dopl ng Sem conduct or

87:GRA58% r £2093)." entittedr povnst Rptolumanascanger diantastess. datprmination of
o) - i 0S| 1 i
oL OO LRI FRIPOSLU AP BE o e The
proceskain mg Mhahkesatitle vdh db ddneratioad iftrg spaiahaadobtioheasross the
or gbove it(s nmelting 10 or flow tenperature so that
serp¢RdReteh#ftac®an migrate into the conposition. In
addi tional or alternative enbodi nents, a dopant can be

i ncorporated into a shallow zone of the coating
Cartitr moghity id asignifdaitvmrametertor semaenpldestompérfginaposver electronics

.aser ¢ e pul.sed to I l'ocal,jzed ,reqion of it.
appligEing THEAE TuSEer G ek Qi adh. prdion hobiifes can
be 410Ekst ¥bdid 5 N EVE /ﬁﬁrﬂﬁp@ﬁibbhi%bnw_mﬂe@t AIELEE) dnm‘@s LA¥®in other

mel ted zone. The use of laser drive in to form 15

embeKamerswaidegs abats ARicmE Vs /pprispnBotdinaphetbtheariovill recognize

that%ﬁgﬂi%ﬁglsraﬁges %??e?r{-ll rb %gb{lfflyg %V?ﬁlrn thi rancgg gonoq)ere]lge contemplated and are
provi st onat ~pat'ent” appfication Serical “ nurber

witloR HR0R e D6 disclobdre s Evalhatict ofadarrier nhdtiled fonsentbordaciyr $4mples is
2007, _entitled "Photovoltaic Cell_ Structures, Solar '

desqpibggy for gx@mple, in U.S. Patent 5,966,019 to Borden, ¢nt1t1ed_ "System and Method

for Measuring Properties of a Semiconductor Substrate in a Fabrication Line,"

incorporated herein by reference.
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Cbrrespondlng Processes, " incorporated herein by

“reference. 20 In general t he vari ous approaches for

i ntroduci ng a nodi fying el enent into a | ayer can be

conbi ned for the introduction of one or nore nodifying

el enents into a |ayer. For exanple, a particular

nodi fyi ng el enent can be int oduced using a plurality

of techniques to achieve deglred | evel s of nodifying

el enment and/ or dlstrlbutlons of nodi fying el ement
Incgmopationtdqpapiinto 3 REHANEUHRT LAVEE t he deposition of a

I qgg&

W@egﬁgrﬁ &ﬁépo&fngﬁ@ géér{ %)J'g Instg:}ee egSI o S d gﬁﬁoxg%?/na%kcfﬁﬁﬁl{wy introducing
pret@sdsiigtoethe destant btedmakﬁm‘vpamclé q»rO(hlomnn;‘ nitemativeyf or addltlonally,

corRESoDs D el iegn At Do LB At dhodthed Acoss the

entf Q%atﬁg%‘ssbfebt@@ pBHREEESENOoRbwiIBAhALRE d?rih@la%:&bsp&ﬁB& of the
30 He treatnment can sinter the particles of "a powder

layerozni nafgr 4m gottivasl atong dherprrenseoef, the ceating sicfass furddert pations of the

lay?{attngFIilegF) 'ﬁge{@]%é&%% Pid at Ié‘ﬁ[g)SItli(’)g gﬂ(l)%gy Eagr?%g)grf{)nned with either
povedes efdtingt bydeheaeshtid. in a form sel ected for an .

i nt ended use, sone 63 .additional processi ng can be
appropriate or desirable. To densify the coating

GefERAL e by SAE O APl e e APPIEI o e B s g gompostion

conmpiis@g thk Klesired ¢léraerit] OThet ememdtetoenfatéialncmr phbessed near or at its
me]Egterlals e.g., above the glass transition

BRORREEAS to gf?&f?ﬁé@% e Shemagib iato #ﬁée@wevﬁtwgnﬂsm%f Patterning
appp@alcﬁ’é@ R dehusBd 9 ARBrporats &lef I GHARY shi & d&gﬁnﬁ OfEPh | gﬁfoﬁ of the
the coating into a densified materi al orn1n
Iayquscous liquid. Sintering of particles can be used to
f orm anor phous, crystalline or polycrystalline phases
in layers. A prelimnary heat treatnment can be
Thea ploldifgieg VéléMerithe.gf, e@@bpint(fs /@ditiviels) €4116€ introduced into a selected
dopant(s)/addltl Hé ration durlng t he subsequent
porirhef theylayeroesslechyrly p@ntag glthe Eropitign Wik opbit aprEen ofihe layer
S r
usinf PhEloB LBl the Bk n%?%ﬁlid%%vzﬁ&sa?ﬁ@g??%@Bﬂ%@ﬁ%%%%&%xer can be
covengd hwids asnatslkasm:hdasf famvetional sesist aseddinf eﬂttsdotm preapang, to block

.transparta rai n .boundary _diffusi and/or
it 08 e FIESF BT o nessg o BLdRH BHg anbodiment i
FigPagt Fagére§0C9 eaehalihYeontit widdfallo 6% %oﬁﬂﬁﬂ?tcbﬁ’cﬁctoc‘;f §Qnod1fymg
anor phous I m The coating |ayers can be conpletely
conmosmplarwnﬁhahq: lpyeretnsinfarescuncpyerefebie thelmashle ﬁbm,uﬂa,fa@qabng catvped In
d.hefore or fter t 5 layer.
R ORISR aerdlh o isoRREATY RS ofhgell ey ithin e

layethiMaligle Wdﬁfvﬂ@tdl@ﬁéhti @iﬂi&jel’b‘éqlhlzlﬂhallxt B9lip@FEths is#fe Bador different
been reduced and the solid matrix strengthened through

porians 9fugilayeroby a¥arRg dhegnaskingobeivesryidapdsiioar stemrof e edifferent
mocf]{;?/rg‘eleﬁgﬁtg heg b &rfyi %mggﬁg&ﬁsdr n?{?tgo @gﬁeﬁgg&sbé ﬁn@orporated

can further 1 rov e quall
into the material through heat treatment and/or laser drive-in.

In addition to photolithographic and other masking techniques, moderate resolution can be
achieved using conventional printing approaches with the added compositions being added
as inks, which optionally can be used along with a masking approach. For example, ink jet

printing can be successfully used to deposit functional inks at desired locations in which the
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20 coating, for exanple with respect to crystallinity
or purity. Other processing can nodify the .
conposition of the material or add additi onal
conpositions to the coating. For initially dense
coatings, sone additional processing can involve the
application of heat, althou the processing
t enper at ures gener al | y can be significantly |ess than

temoer atures used - f densi fi cati on of powder
funchenal righs |d|€f¥1‘6°faﬂ’8eﬁ‘§%"t?fjo§?mﬁﬁsm% IFJROERhJBE rRoAng - jcAmposition.
i hdsOfaiBeL g g
> %ho{hlg actl o) rdoaf% the coaltgl %?&%ﬁ%?ge{e{ B%natg{gh%fabgfe printing
anch émdld(é Hor uiehﬁ”s@pedbdnta rperttckss dispersdéms e lomad ang printable ink to
nerally is not ated o) erature,. such
sy omels iy B oRtgi: gragie gy Brvsriborb hER ep g Provisional
appTRYRHElerial RENBRIRNI R 239&8 Hi@slﬁ%ﬁtte%@h té}nﬁll@ﬂ e®optd Bispersions and
material to inprove the 30 uniformty and/or
Progespes fol Doping pemidendudieraiubsigptessrinearperhted heregopereference.
conpaction of the material, wth a corresponding
increase in the density. The anneal | ng tenperature

As GRRQI #dv¥, fheYmEELyif® cobesititkaBardBe ihicoppbraret Gadt ardfnifidIE dense
and in other enmbodi nents no nore n

flo ‘htﬁ;ﬁ)ler at ure,
maggial Adwatinsprosessde wthieh the Keatmeanheaieshaeason pkovierits melting
[ [
or S50 A8 B bR NERACAN A8 ol BENEnc3TR. i ggditonal or
alterSatp/erefnﬁfoﬂﬁﬁierits; aatopant @mzjengcorpcbrﬂmﬂphte@shaﬁewaroab |0)? the coating
he ting a dense_ coatin ug r t hese con%l <1) 3
aleteE Any . Ky eEamiced 1E0MmR cheser 9281 e Rulsed to melt a localized
regﬁﬂormoﬂié BRNCT Y&k alilsi N@r@ke CTyShal ld'oﬁ@nt S t(ﬁ@ér mod1fy1ng
processing 5 tenperatures and tines general |y depend
elemnnt(dmmm@xmoshldm d)ffums mthethdzmﬁed eot i Thy. uskolf llaver dgve in to form

iti,on of. a er. wt ht .reactive dep
snafliR st Porfiiod Asrpliothof mipfbVouhEn e IRl Spyper in
cophdifaPréki¥nal OFiRsrt ePPliatiot &eriaN HurdPer0ZY/ 96N06O W ¢Redifadr et al.,
reacts to form gaseous/vapor products w thout
filed op1H ERBABIYe 1 fm2@0 1, agrditled n&hploypkiaie dsel] StigturesoMofasePangls and

Cor{r%s%ﬁltxdlﬁgP ceds€n {rg:%?o?ﬁ d h rgff%tglteﬂhgfe‘? Lce can be used

eat ~the codt dep03|t| ng any
additional materials on the substrate. Such a heating

t b b )
In %Sffag\%h ?J?éya/n??gg ?](?I?TQS)%E Ve%}ﬁl g{q%g}%cq?%ﬂifﬁag [element into a layer can be

con%ﬁ&ﬁkdrd@t?'@ﬂo&fcu@nd&p@& & Hkrd il @8thg Benfech@Rito a layer. For
heating step can be performed betweén Soat| ng steps or

exam’pllfela p@letp:@lar masiifyofg eementain be ayterducédusing e ipluralish of techniques

ot t Cc i.t.ion
to SRR Ry 4B SRy slieg! BHFord S bRt cRRRU B PR gloment
w1t1$1h€t]ﬁ7e la0&e Iﬂraddiﬁﬁbﬁ f@d tHetdepbatioNepd pRighlFY 8Pfodainglef@nents, each
per f or med after renovi ng the substrate fromthe

mO(ihéé%s slemepleean berdsaostied tusingone op masel o5 s dechataiss deseribed above,
for RELTQfidRY (J)fnpf%céﬁ Jga%c?/oxo & Nichldve n@e\élrpcf“ properties of the resulting

materials.

Heat Treatments and Other Post-Deposition Processing of a Coating on a Substrate

Heat treatment can sinter the particles of a powder coating and lead to compaction, i.e.,
densification, of the powders/powder coatings to form the desired material density. While

dense coatings can be essentially deposited in a form selected for an intended use, some



10

15

20

desirabl'e to control the atnosphere in the oven with
respect to pressure and/or.the 20 conposition of the
surroundi ng gases. Suitable ovens can conprise, for
exanpl e, an induction furnace, a box furnace or a tube
furnace with gas(es) flow ng through the space
containing the coated substrate. The heat treatnent
can be performed foll owi ng rénoval of the coated

substrates fromthe coating reactor. In alternative-
additiensbipraspitsing qepdereBfoPritteeadErble sLq drnady Hecgaiing paterials, the
C | .
malgBifs 90 e ARl BFF Ry Rt pile P RREGIERT bl filialsor
thedfitvo i mdativesior amorpBoing atateziasr e.ge abovegthe tebasp enaditivreemperature
nd.tjmes generally depend on.the conposiftion and i
an %ﬁ%&%&f soft &amgklaeiw AR 95 S vie PR B rfg Sonsolidate
the SBRYirg 1{3?5' i H&lsﬁ?eg%at&tﬂﬁ b%fufgffhﬁ% %lr\/i%@ﬁ‘soﬂ(ﬁﬁ@r Sﬁﬁéﬂng of particles can

general ly can be proceSsed af |ower tenperaturés
be ased/ torfofmp amiphougrerystatbse pepelyérysaltine plaseeinslaygrs.h A preliminary

heap At i pSTi i EsEIOT PP ke o Htiys migration
duriHgaBé siieeduRht Heaﬁng,sﬁusaésg ﬁﬁtﬂfo‘}ﬁﬁ@gdséﬁ!;i BafdategiaEs i N

conpari soh with bu mat eri al . or many

applications, it is desirable to apply nmultiple

C [ ' di s Py Lar P
e SALHAPSC LS CLELER A RIBRS b} Bl LE! o togn s
medlanBmspsugk ds adfage diffusion, laaieh diffiksioa) vapor ®&Bpdrtion,-grain boundary
.pl.ane of the substrate being coated (e.qg,, .
diffgsippendios kiduid rhgse ‘H%‘-‘Slaﬁl-r d B¢ FigieTIaE oh#MPIHROYS Particdes generally can

: [ d : 0L, S

ea U Rl 3 b Gphdls BP0 Tk, Qe herstanh SR fletly or
pargallysdensitied.b b gepermb alersdficationican beperuntdbéfere or after patteming of a

conpi nation of. adj acent domai ns and stacked | ayers. .
laydin dh PRGAE Reytich ESH 57t B orUiar Helhrhd PO ERNeRgemains bu
the gféfe §i28®ha8 Be&d irémB® andlifd S31RINMAER NMBRAEthérRASthfkBh RBe fusing of

deposi ted adjacent to each other 10 within a |ayer
partighes/ te formnrigidjinieeparticlapesks. Sinilarly, distinct |ayers

of different conpositions can be deposited in

alternating |l ayers. Specifically, two |layers with
Furthiefrh@e esvinecgropasing obtie depaditet) taydspas iffird@dr whpbve e qality of the

top of the other, and or ditionally or i ) _
coatipg EoT SHETPIS yith fespeet toeﬁéstﬁg\w PP e~ GfhEprocessiag cgr modify the
cordaY; f . . .
O b R AP0 10 e Rostine oy nfially dense
coaitugsp seint i asidgiopaln piyeesdimgosant axvplvs ubd aaplidatiye rof Ajeat] Salthough the

| aver .B and | ayer deposj t ed three sequentia
proqEE 1EoPliut” Sheh B, bo eptiatPh I5s 6 Mtgelitusg vsed for
denéificdtidn oFbbwter cOhtimdjim6 @dbn@ndatiicacked) | ayers ABC

Simlarly, alternating sequences of layers with

di fferent conpositions can be formed, such as ABABAB

g . o Aty . i ons of |aver .
For ginbpinen A Ale soutng is Bl AGRE MR SR st gTmaction
of tharokhingf genemily agaylast bedeeded. For these embodiments, the dense coating

generally is not heated up to a flow temperature, such as a melting point or glass transition
temperature. However, the material can be heated to anneal the material to improve the
uniformity and/or crystallinity. This heating can result in some compaction of the material,
with a corresponding increase in the density. . The annealing temperature generally may be

no more than about 60 percent of the flow temperature, and in other embodiments no more
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20 I ndividual densified |ayers, each of a particular

conposition, generally have after consolidation an .

average thickness in the range(s) of no nore than 3000

mcrons, in further enbodinments in the range(s) of no

nore than about 1000 microns, in additiona

enbodi nents, in the range(s)@Pf no nore than about 250

m crons, in sone enbodinments in 25 the range(s) from

about 0.1 micron to about 50 microns, in other .
thag e SHensrosnt of thhBow tepprptate in ot Eada . Suph Beagng cerpremove

i ons . of. i i . i || C e .

sorfe Awfits b Bronrthrl BhARNaR e M ol s iRebhed i by oxidiing
atnospiieedrp IGeheadll g ridatirigea iehdei dvatifie usdo pkese alondilienpd@s atot alter the

di scl gsure. Each unifogn1la%er fO{ﬂEd fromparticles )
StryghtF of FE TBFRA onBBYPEPUSNPARTTYHRIING ORetyStellBly Spikablsy processing
tonf RS RRnds LAY derB @GN e chlBUkilich 8 thé Bbitse Baring.

eactive deposition apparatus. Thickness Is neasurgd

perpendicul ar to the projection plane in which the

tructure. has.a,maxir rface area. 6 The mat eri.al
Fol[gWiH ARHOPTTGR 8 BLPET P HEBbiereE dERmIRD feAroqrn g be shut off
sucBlth e leget e BOSht bR c@fnlpﬁ%hi fubleat@ranxyb@ $RidenBattrBRts to form

deposition of nultiple [ayers or some conbination of
gaspons/vepRy Peodpetd eyt candensatie reatpiale e sEhan dlamedessulting from the

eral Ly- depends. LEi i chani of _.

reof e RO 0L 006 CETBE WREElL R RE RO Blhpotte withou
depoki€iag agy pdditioabl hyteidls loayles subStraé.MBLétpnBEIIBE tep has been observed

Specifically, heat-treating nultiple |ayers L
to resupg|doppmisIadditivels) migrtion uppre fulk sonsolidalion ehpidered sjligs glass. A

cLur : e . "
o T e D] SRo PR col Ml O Efr deppdtion of severl
layqrj ok ediicht eacle asgimgblagervabyl @s mayheothieart gble s@he rcobmlpssition as other
such t hat

g5 o8 S Ay e X%, PR onarig e Bty s can ao

be peRRRHAESafR rdniindthekltRESte fibeh fheréAcRAl t erned structures

follow ng deposition, 10 patterning approaches, such
as |ithography and photolithography, along with
t.chi C 1.C hi . dr i ng_or

o LR a8 RS B Ry FLX BRI BP g may be
desipatilé &6 nonirol diee adiosphere ihayer SvenThiith pdpécertdi @ssure and/or the

generally is performed on a structure prior to
compasiHer qf ot SHITARAIRG SRSES- naviEAblea PYenpECaBy CORRIR Ay example, an
ind &R HuBAeC APk HPAS oS &b gL Gt s gA
m'gas flow, particles %an bg epositZ%&g%iﬁ C gﬁg?% the space
confaamng theeogted subismate hdhg heatrteatmeant cad bdperfanmed dgloswvih@yamoval of

the GopEi LB FUR B roafRiSHa | dp Do p gy the e

treatthén® i€ ahteBteld SiBiolU khef %atf_‘n? Eprb&sEBLEIP MR tha (r6¢8a8€ steps can be
| ayer. In particular, with a gradient in 'particle

perforped sequeiiallytinetienanperagisein emutpornied Jashioa. s Fuitabée processing
temB&EMegl & tﬁ:ﬁesagfg{e?azilltyecrlep%éé Rt thb h&)?nposition ‘and microstructure of the

coatings. For powder coatings, small particles on the submicron/nanometer scale generally

~can be processed at lower temperatures and/or for shorter times relative to powders with

larger particles due to lower melting/softening points, higher atomic mobility, and higher

vapor pressure for the submicron/nanoscale particles in comparison with bulk material.
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20 the l'arger particles such that the | ess densified
portion of the layer with larger particles can form
the rel ease layer. For silicon sandw ched between
| ayers of silicon oxide, the crystallinity of the
silicon has been established through a process call ed
zone nelt recrystallization &;NR) In ZMR, a heat -25
source is used that can nelt™a thin line of silicon
film This heat source is swept_across the film For

Forestlawp peplicationscif iscdesiahle ipetpphximgltipls coBEnasswip didferanbcompositions
Y
ol B0 THAS, BIEPLEDL SR ol ACSARELOI IR 1o cac
othet ragnissirtke XTyI@Iaimeeﬂ th@fsuh@namrﬂaamgoéoatdde (d]gatperpehd‘icular to the
contraolled to st the distance tween the nel

| dirgqtipgof Apefion; qfetgg Sibstrate; rg]gfwgﬁ) ucﬁ—ﬁtéqaén)' Qr satacked o%e on top

of 1Al ake hetweenr 2 past &r ﬁl\efeﬁmst%%eﬁelﬁgl%a{eedl&eiq 2 suitable
processing costs with a sl ower sweep speed to get

combmngmn of ydjeeint glomiaims anddstidwerlaysry sEath cehihg s be@ipplied to a
Relﬁg Laver Properties and Rel easi ng an Over coat
¥ A rel ease | ayer has a property and/or
conmposition that distinguish the release |ayer from
adj acent materials. Cenerally, the propert! of the
For gqragy smbpdignentsp difiarent scompesitipes eaphe depasited adjagens to each other
| g 4 r f
wihh £858, 4En pREPISCE, SEBS uikh 1B EbRYBrent compositons
cany'tel depesitet ay elltern:aiﬁngbaﬁyersf oSpeepfa:arm/ awollowrdeits idiferedt dg)hlposmons
neltlngggfp¢ten|ng poi n | ow nechani cal stren

can b gepoe RO 1oP HePFraher,dpa i aéﬁltwpa%ﬁb?ﬁgp%w with
ond R&% ?@fhe o%?ért ﬁﬁheas GRRMACAl] H&&pﬁ rf('iﬂrrf‘e%l ds U@ﬂi uﬂ‘?oth PEmbodiments,
exanpl e, solubilityin a selected solvent
mogidhiat It‘l?m layleheeanhmm diffesht téreposgicmasen bayieposged;esnath b;ylayer A,
mat er i

respect..t
v B daIbEr byt i SR e gl Qe BB g, or
adjidegh td Ght 1R@] @k Uidaceht aB® NEacREDOUyBRNABC. Tr@nﬁﬁhgctaﬂ&natmg
properties of the release | ayer can be exploited to.

seq%ryfsﬁ af lavens witeditieyeyt cempesitenst e berfasnad |sw§1 as ABABAB .
AB@A@?@A@EG In (9@1%} 'C&H{)@Btlo of Paﬁ/g?s {t Eg&ﬁg 08%35918}15 and/or
to e rel ease | ayer to

I'nteraction’can be app
opticehmreperties cadnrtechmmed ddhdesired.ease | ayer. 15 In general,
the thickness of the release |layer can span within
appropriate thickness ranges described for other
Indivﬂi{ﬁf SdeHGROS | Tafds, b)éaclh' Pt a r&fi‘ﬁédléfe chﬁ &?ﬁ&n‘ oélenelcmy OR&ve after
hand, since the Trelease |ayer
conﬁ@hd@twroaraweyagﬁrtb@kmdse irpthe rrmga(S) p’é ne moeea&xem ,aO(i)Q maagnshen further
kee rel ease Q_consune

l?ogisv\%?n%sr élo h%c éaglcggiv@v & mPpe tdﬁaé‘y @&‘Er ll&? § TG it additional

embRith&its) uﬁ)mnaﬁgd(gSOfsluqborashdﬁeaCbbam&oa:hwﬁdrfseﬁ%hqerayooaﬁnents in
a function of the 20 thickness such that the rel ease

the frepgefs) droringpole0-¢ osFUNT abut | 39 gedensalin oheperhodingnts in the

range(s) from about 0.2 microns to about 20 microns. A person of skill in the art will
recognize that ranges within these specific ranges are contemplated and are within the scope

of the present disclosure. Each uniform layer formed from particles with the same

" composition can be formed from One Or more passes through a product flow in a light

reactive deposition apparatus. Thickness is measured perpendicular to the projection plane

in which the structure has a maximum surface area.
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- ordinary skill in the art can adjust the thickness to
obtain desired properties of the release layer. A
| ayered structure with a release |ayer is shown
schematically in Fig. 19. Layered 25 structure 610
conprises a substrate 612, rel ease | ayer 614 and
overcoat |ayer 616. Substrq&g 612 can conprise a high
quality material that is reused foll ow ng cleaning
W th _rﬁégect to rel ease | ayer material. Substrate 612

Thegiptesial Wl THEtPle pAgticleswatingreian bydisaistreaind afiss thegdappghen of each
td . i L . | 4 i- .
iy 8P (NGHERAE BT e) SARERl ety i) SAREASE of e o

appheachen. A @uieabboarbcdssiyig ordet Gereaatl yalepgards 9a tinéensificationem8thanisms
terials in one or. nore |layers, The arrow.in Fig..19
of dithcFiFiAlal FIPNRIE it Smehcbee Bpsiaalei B, hog Tgtiep Bty of layers
simuB¥Rloudi$6 SeBichiRy elefdrstiby Ghififle Gdftrs: HRNERAM uslyA¥B  reduce the
616 can be further 68 processed before and/or after
tims epd camplexityt eiothe stanu@curieg ercGedsand thes, resfusa triapnfactiring costs. If
esi.re roduct. Far, t.he nechani cal, fracturing of the )
the BRLEE demBORRHS, e  Be: BT T PEHGT el remain
suffifientlyehveese keshe thafhe s @Rbduniriest witRinf & A6{dr 80 Qfot merge

the rel ease layer, generally it is desirable for the
undegirables ampanfept the miace | deattsiney strietures Hellowing deposition,

B T

chepgtal edndhing, nirg cnehinge b aaldintoii-lsased etcha cabdet u#8 to form desired
percent and in further eandinenté from aboyt 50 to .
Patighis iR OnPF IRRRECRYAS: pbitis Bteing\spnsrallyris BErTIPsr (PRASIRIRuFq prior to

(kmb§ﬁ$@8fﬁﬁhkM£M£aé§£QgniZe that additional 10 ranges of
porosity wthin the explicit ranges above are

contenpl ated and are within the present disclosure.
Pporosity is evaluated froma SEMm crograph of a cross
By glinBig easuop ETPRy, st & MRONRT P otoi s Gy RFHcIes can be
depBSite@Switls cBAngirtefariyletshR fnOthalz-Bfe@fon WathaC Riseiste BaybiOVEbetween
density of the release |ayer, the rel ease | ayer can be

layege pd Pt smnallpn particles san badepogibersen Yot efalarastPrigiglesiang vice versa.

ThifRLE bk sl Fﬁv\ﬁé{ ?#;rmaitign %‘P'Eeref‘egpeog&&e n%nf’pe}rflaﬁalj gﬁﬁg% gradient n

density o e release layer cah resu romr
partidle eilzé,rd Ieat ecatohentsitép cat densifpthetshealler pdreelsetd agenter extent than

TR X TN A L P———

forththedBRadeflhfert i On can be the result of having a :

‘material with a higher flow tenperature than
surroundi ng undensified material and/or a |arger

R mar 0 rticle size that results in hi.gher,, f1 ow
For YUieBR -t iR RS st AT Lo B e BULPRT b riion hes
beeRbstitighaMBFougR b pk¥ &l caB&lizone RhdlGBakstMliz&fondAMR). In ZMR, a heat
under-1layer results in a rel ease ayer with a | ower

souxge isyseq thangan el astinr lingrefi sigordiimr iTansheghepugce is swept across the
ﬁlrr_lc.: qforr%§8'9819,' Q%c}ésédqﬂlogen lamp can be used as the linear heat source. A heater

can be placed below the structure to control the base temperature of the structure. The speed
of movement of the heater is controlled to adjust the distance between the melting front and
the solidification front. Thére is a balance between a faster sweep speed that reduced
processing costs with a slower sweep speed to get larger crystal grains and fewer crystal

defects.
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‘nmechani'cal strength. This |ower nmechanical strength

can be exploited to fracture the release |ayer

wi t hout damagi ng the overcoat |ayer. 25 The separation

force can be applied by supplying mechani cal energy.

Mechani cal energy can be supplied, for exanple, as

ultrasoni c vibrations, nmechagpi cal vibrations shear

force and the like. Alternatively, the |layers can be

ouIIed a art In .ddltlon heat/coollng and/ or
sdaavenPropartis and Rpleasing an A MEICEITe he separation

f f I

P08 ] 57 40 e 4 LT o

adjbyentmatematst réenetadly, tie IpU@;Ieunye)f\lshd h:ldaseqlayef p’rbt/ildegﬁm theb&paration

In s nbodij. nent s, rel ease_ ] ayer can.be . )
of thte anéFl YL eBaMa PRy Ofr ﬁﬁrﬁtsoasia&irﬁ@g $. Jyfable physical

pro?é@lgplo?’a feh@sd elyepssn bayRh &amphe 1&9'&&9&@ I @nfemﬁg%ﬂemng
hat does not di'ssolve the overcoat l'ayér. To etch
poigll dewwinedhewicalr geengibn darge tcheficiant of thampdl efpansion CDr ac@ndnnatlons

nciBE, 2Sup St PSS P B 0EE) STUBILIF o seecd
sol eI Claadd e rth@ mAéinl R thel reRaabldye@dbREAN Ekbudd be inert with
transfer surface. The transfer surface can be
respsh toienethen gategalg|at candtiors of mlfgfent Plesessae signgl Push as at high
tem Qx%?urk h%. ssolﬂ{ef aﬁﬁocﬁ e}nlge 154t a}gr%pexggs £ h%a%?egs? irpgr can be
Ssociati on rans er sur can

expio{edploesepatdtd) afnovkdlaget(y sfrore the ﬁﬂ&rlymgesubktfatsom particular, a
" enbodi ment, static electricity may be sufficient to
chegg b AnaHcE BhyREal FISGTAFIOn. S P dBPt He W\are bater terfamove or

ﬁm&&gqﬁgﬁgmgyﬁlgce can be used to apply shear and/ or
pul l'tng notion to the overcoat to deliver nechanica

energy to rupture the release layer. [In sone

1 GERRRE A Pickop S0 (T FSBEE 18 PRHRR o7 B PRERE AbEes ranges

desEHAERS bih@r yets gbhteﬁ 5eR@t abRHvS Heptitione. Od Be hand, since the
adhesi ve can be 15 chem ca Iy or physically renoved to

releagq layse mayenphbe use dungtionalky ones e oFsrerat tinaclepspds fiemay be
t
desg%ﬁ)g g?ﬁ%eﬁt §<’9 ?%lﬁaég ?alygfn hFhet% d E %Wer%%ﬁ}creg ?IovJeO?rS g{me layer

r sur ace can be associ
is tad tthina cprainmaprepdrtissibsth at endcharticalSsteenpthc g Beoat faaction of the

vercoat for formation _.into pr oduct the thin -
thickpess SHEh &4 dhe BRCHP ARtio By st%@ﬁorg%@t i%tgsgerals.anrgerson of
ordﬁxggp@mm BRI A3RNRE 1R\ thRkndL ke BE@inf de@ﬁ%& ﬁ% ER7e8 38 fhe release
| ayer. Adhesives and the |ike can be -20 rel eased W th

laydror ces and/or with suitable solvents and the like. If
desired, remmants of the rel ease | ayer can be renoved
fromthe release thin structure

A layered structure with a release layer is shown schematically in Fig. 19. Layered

structure 610 comprises a substrate 6'12, release layer 614 and overcoat layer 616.
Substrate 612 can comprise a high quality material that is reused following cleaning with
respect to release layer material. Substrate 612 may or may not comprise layers deposited
uéing light reactive deposition. Release layer 614 can comprise one or more materials
with properties as described herein. Overcoat layer 616 can cbmprise one or more
materials in one or more layers. The arrow in Fig. 19 schematically depicts the separation

of overcoat layer 616 from layered structure 610. Overcoat layer 616 can be further
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usi ng etching or polishing. Depending on the nature of
the release layer ‘material, residual release |ayer
mat eri al can be renoved with nechanical polishing.
and/ or chem cal 25 nechanical polishing. Mechanica
pol i shing can be perfornmed with notorized pollshlng
equi pnent, such as equi pnment_known in the
sem conductor art. Simlarl any suitable etching
approach, such as chem cal etchlng and/ or radiation
progessd Reforeans/ eeafies separasions fapm wEuethEs ¢ 1dshon the fopmptionsef a desired
pﬂhﬁ& material. 30 Properties and Further Processing
Free Standing Structures Follow ng rel ease of the
overcoat fromthe substrate through the renoval or

fracture of rel eas e over coat beco S
For thg dneghapigal, acgwrt&‘efﬁ%@ #ﬁ?esfaf/?reév me rT%Sterength of
the71Q:1ea9@ gl IInXtehﬁ | Y& Yadifialt WRLLE bF tﬁ@@el'@?s\éela%rl aé'eggrally it is
surface "area. The structure nay or nmay not
despablbefonthrd relenseclaperdo dlavag lower deppity th;mrth@szmcamdmgayatenals

may naQ tured ong _either . u r syrface,
parfipan e fSE B uer e & REIOSEY A5t ReShara ol BfSfiein some
em§<§cﬁh‘1@hﬂ§ 1adhboles J pertdie P PREBSLEMbRNRESs tﬁ'@)ﬁl about 50 to about
formation one or nore devices. As noted above, the 5 '
90 stmcg@tt Imr@mtya nAbrersoangforrdinatyy kil ipdheram evidl| rycms@cﬁhatt adglitional
ranges o% ]ﬁoro§1 fnlflbtsht Oe]g(plemgo fg%sC a!xg{l Ia%rgé: re%%?a%ed D%k 8 w1th1n the

1 on mensi ons

pre§i=}n$ disslvegteaPorsity is eviah@t«ofdra et SENI rhided gPipBCFSIroks sect1on of the
proaches In general, the overcoat |ayer, for
stru@ et whigh dlsrired Abihe poFesdhdivided bxihaiptal akeap) ural ity of
10 layers that can be effectively used for the
formati on of devices. Referring to Fig. 20, free-
To at}amﬁ antpvadrrdensity & B2 Oelemepayes cthe troloasedyer sahb B2 deﬁ%ﬁed with a

towgt R Bon FTRSTRTE RHCES Slar e dbl e B fene the lover

dendiep lof @K rédbd¥e ! 18ydrYoant lR6ult BeFDeEdueéd bRYBMERNdORIRALYN of the
one, two, three or nore than three. For photovoltaic

relegsg llayeamdnlecﬁleu oYpscoaf tla)@ananlde oghenallablap undentayer erpemore fully
t-hi. n t.i v
denggreng ol d&g T cg “é rd§n51§% 10H 4l q)e tﬂg rgsultnogthmel % Oa ma Oenal with a

higladr offigw tt&r@p&atuird ﬁlalna%ﬁfouﬁdhng unﬁefhsﬁﬁédedla&ﬁm afdYoit bﬂﬁl%@lf primary

- Referring to the cross sectional viewin Fig

pariiele fizeu it 63 2 Righes il tvmperales 932, thsseperab%alents the
I | r

denSiiel STo! BETHveliofh PR AL BpHGRTH, B b BRLr IBUE R in Whelase

laydrasygh aalmlveirodrnlsmyehanG% swroahd;mganpienalecamdvee cotrespendingly low

mecggélg lcgt%q%&% gll)héﬁ, ?o?vmﬁl cat op:?lost% g% Hlo1tg& to fracture the

rele@ieelﬁbér'»&iﬁ{duy dﬁﬂ%hgtﬂer&efc@dﬁlﬁyé}s vel | as protection
from mechani cal and chem cal” danmage. Mre conpl ex

structures can be used also with different |ayers

Thehsaegérg on %Jr]éee cr:a%ntt)e app L& %y supplylng mechanical energy. Mechanical energy

can be supplied, for example, as ultrasonic vibrations, mechanical vibrations shear force

and the like. Alternatively, the layers can be pulled apart. In addition, heat/cooling and/or
pressure can be supplied to facilitate the separation based on difference in the coefficient
of thermal expansion. Cooling can be accomplished, for example, by contacting the

structure with liquid nitrogen.
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dopingl%nd/or an un-doped | ayer. For exanpl e,

~referring to Fig. 22, structure 640 has a 25

protective |ayer 642, a p-doped silicon |ayer 644, an
un-doped silicon |layer 646 and an n doped silicon
| ayer 648. In general, the structure can be designed
to yield desired performn @Qfor the final product,
and the processi ng approaches herein provide
consi der abl e erX|b|I|ty for designing the structure. .
In some SFbORENgIET: (e TAPRSEFaYFHREBRS Shercallyntsparated from surrounding
layg}su rladr'etxx gfe Gl }eﬁakes a%ﬂ“&{nat';é Y1658 NEGLSH N ﬂﬁt does not dissolve
propriate élec trlca connecti ons between NS
theTcwefcmatﬂaaexp afieletchl SiOgevidrorardactrg withasilddong hgdmofiadric esd can be
escri bed herein can be cut to forma plurality of
tements with very 71 simlar properties that can be
natched within a panel. Also, an alternative avail able
using the processes described herein involves the
Tof focilitat¢ dime oépasaticar g theapeact dir@nt the ere]eagﬁe tayer tahd substrate, the

OVCE‘ g(?r:%i gglged E:{x)x}al%e :l %}2¥ Ia@g %)(g{?lea? ttI'ae.\’{R% T éHI’ ne t%ansfer surface can

be SpRELEEAY ledudl @ARME at g2 r MEHaCor $3al R iaACHRe @Mmdeadﬂ tBe bPercoat to
a transparent electrically 5 conductive el ectrode. To

be &}ﬁaﬁp@t he esostatien Wil p tgpsienswtatecen becqapde, for example, with an

adﬂegikg of B%Qﬁi%l pid a?‘gp ?g‘lggglgr%gcsg%g eggcullé]s'f xln%ﬁgg gt?fﬁ%{égt to associate

thearanpleesefdchand thedivercdaal Th;eairdxsferéﬁrfare‘mad ibe®séd fof apply shear and/
structure Wth sep arate i.sl and structures is shown in

" or pyllag mationyif B ovaigostp Aeléver Srarhenicd] CBUGH B RIS icrsicase layer.

In Qﬁ‘ﬁé EhDbAheRs, Err' 59&9&1‘: GHL LG b@g%gﬁgt‘éh %1?1 a traaner surface to
6 as ar

Referring to Fig. structure ayer
fachite wierthinf @mcesssrhgarmdsth%ﬁun GB8parated Sstrghfe. WihkE eadh@bwwncan be

four, i.sl nds rge.l ayer can r tha
enfitty, @ i RE e 5e B rlEE s s FAPLE Y S Fom B branster
surfié Bssbbiated Vet a teppRals, substfale. 2 dophe @nBbdiMents aRE transfer surface
i slands. A person or- ordinary skill in the art will

Canr%@?waé@i VHA@ Regaanand pistratgribatgs attached tnidre myptseqtsfor formation
W, t 5 S | &y a e .

oS, MG NI AL UGS R s v

conﬁﬁ?amﬁbprsdchaﬂsﬁﬁﬁélsasﬁﬁﬁam @@5cleasdlagan Aafekives and the like can be

i vi dua pturality of |ayers. The size,
relelafﬁ ‘K‘ﬁléggcesé’ﬁ 6§‘i"$1 YHablRgolveripand B hkgyers may or may

not be consistent between different islands. The
positioning of the islands nmay or may not be

If deyimederernmants afthethsaseolagen eamsbefensiedrfdsn ¢lenrddense thin structure
sel.ected a formati.on o

i B e PP gt e g are S a1 8 ek Ot m R A resicual

releasth $dyletrRateSal @S b bRehFvEd tRR hBchafRBEPHIifEng and/or chemical-
provi sional patent application serial nunber

me@enigalizpadnbingo Meewnieal polishing) can bef parfosmed widibmotgriged golishing
equé %]t s%@fl &El @OIPPZ EP fél(ri]) agllx §,f B}eo%::rréé%ns%tuf;t%%;a%g?%g%ﬂ;ﬁgd any suitable
etcHinggd epprohgh,r@leemn&emﬂdneetﬂﬁﬁg iaf@/o¢ aadiBBon etching, can be used to

remove the residual release layer material.

Properties and Further Processing of Free Standing Structures

Following release of the overcoat from the substrate through the removal or fracture of the

release layer, the overcoat becomes a free standing structure. This free standing structure
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perforned on a structure as deposited onto a
transparent substrate or after transfer to a 25
transparent substrate. In.general, the structures can
be processed further using a range of desired
approaches. Suitabl e processing approaches incl ude,
for exanple, conventional a oaches adapted for the
processi ng of |large surface area structures. For
exanpl e, the structures can be 30 processed with

gertfé%bslﬁ VEBHIpEY WhikkE 630 haverrlpeae spriaeccases Thmgiructure may or may not
havrét%l Pcfitt(f“n?éd'f %frhcg{(rg Q%EQECWé)m 1&?3@\% ggg G%IIO Ijgl 4 nBtr b %%Bxed along

eltl'p:dnyts uppér s‘uafpoer loieqfrcmrfaceaajr t(dﬂ\/DE;thamra)pttcnmfacesgof the Bisicture can
ext rusi on

tin coat kni f.e coatin
F ﬁ%ocqs %nl?%t TRk AT GF SROedviFSR A9 BREd above, the
strtIc't‘tﬁE e be @é?ﬁ% &'&%Hﬁﬁ%ﬁﬁ?fasso@{atetd%tﬂ hkRherdbitAl & facilitate
renmoval processeS include or exanpl e, chem cal -
proecsshtgng fodtly: @tromcngof odevienli Suitable Baswdioss efd diggussed above in
em cal nechani cal poli shing,

h
ﬂwﬁﬂgﬁh“ﬁ%ﬁ H%ﬁf%s |ngpgﬁ€ 5t her eof , combi nati ons t her eof

or the Iike. Modification techniques can 5 be used to
nmodi fy the properties and/or conposition of the

In grmeenli the overcenidarenelos grdraple agemiqandugior sheelycan have a plurality of

lay??sl 'tlﬁa?%tlctr? Pg&%r{t vE tdsg@ fgretﬁgﬁ)r&lig Sn ?Pgévlljgeg tRe?emrgé( ?Onplg 20, free-

In an 1 ner

startcﬁﬁigtsxtucmﬁe eamcbmpﬂmttwod@yetrﬁam 1341 IO cdlfseCthe kémpbditiords of the
reactive che directing radiation at the sanple

twa g sy Shes tedietdive Shicknssseside. bersefrgigdt wfipsired. Similarly, the

nuitBr &t 18 erd BPY¥Ebn1yARHY %o ntﬂfi:'efdrctﬂ&leotﬂa.tﬁﬁﬁ'epe Bf S Q6VRthic cell
I n combl nation w th masking or t ograp

applieatimisguesn Heodasaeblerio dfaveloot @wohctralthmPgm@Icsvd\layers and one or

h I | | |
mof BB BIb L BRI S RELER e e ot sy P cptive laver or a
sele@tHasiortisi thERoaNRlefehpl thitheddrbys eofdtRe tRH: infag. 22X ARt@e 630 has

sem conduct or islands 15 can be forned dlrectfy ont o
a pigtastive bayer 02, arinfensdrsdlinondanes 034 aAnd e pedapedsijicon fyer 636. Ina

smilg{%tﬁl%ﬂggclggerr 63h rty § %é’rglﬁ:%n(%ﬁ?orquer g‘?cgp L g é%dtts \éisgl'ﬁaprotectlve

chore ectrve’s
layere pBompkothosltad Iappshcahf)nsl ai ()] shbBbﬁoxﬁfpaﬂﬁt/&fdnalayetalﬁﬁlcttons to

- faorned, these can be into 1nd|V|duaI l1s with
prowsh%reéeet%aﬁﬁ Pk ERmISer bt B8l Py PUBRIaN oM mechanical and
cheRli&MALEee. The sem conductor islands can be forned

W th deS|red structures, dopants and the like 20 with

t he proceSS|ng t aki ng place prior to or follow ng
ont urface

Moft GRRTEL SRR &R e 3RS Moo ey S BEE pislF iy derees of

dopsfy éuﬁl$or dnnurpéépﬁﬂ 1ayero ForGRARpRAtOFRtth 0. sPbidthRd4 has a
- overlayers, underlayers, enca sulants and the |ike can

profggtiveiaiser 648, & prasped silicor 1ayemned4, argn-dopbdsilisemtayer ¢ri6 and an n-
dop\@@'sﬁ&oﬁhﬁyesregl§oqgu§én%fal,s Bt%egtruc%re can be designed to yield desired

performance for the final product, and the processing approaches -herein provide

considerable flexibility for designing the structure.

For the formation of photovoltaic panels, a plurality of cells is generally connected with
appropriate electrical connections between the cells. To form a panel, large area free

standing structures described herein can be cut to form a plurality of elements with very
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sir ATPTPREIHES

~transferred for formation into a device, the rel ease

| ayer is renoved or fractured at a 25 sel ected stage
during the processing of the device. However, if the
sem conductor is directly deposited onto a
transparent substrate, no transfer of the

sem conductor is used to ?gtthe phot ovol tai c _
structure and generally no | ease | ayer woul d be

r med. Intgeneral a sol ar. panel is constructed such
arraarhearatelies sihie e Panel- AlFe.Ke altsmatigpavailable using
the 1 S
e U R G R
semmonémtttorcreﬂah@s:mppr@naﬁig phuced ac & soffatene thapaitective layer, which is
ener e ap orla eI%T&seale 0 protect the

r
SUTREH R ge“FWfﬁir é‘ﬁ S Lyatale tapar Banspateat electrically
cofMtfchUQ efé%ﬁogeg T0 rc@iﬂpfk@e BleSShEl ﬁﬁ'ﬁrogr‘?zﬁ@ QR RAP fntt&c&ﬁfects can be

s of the panel. To increase the electrica
comm@tbddo ithe ishand¢ andhetheraadditomdlUprborssimg tcan baperfodneed to complete the
mdSI | I{l can be doped through the bulk of the
oﬁ]&ﬁ)ct or material. In particular, the
srllcon/gernanluntbased sem conductor can. be doped
mnth an n pe dopant, such as phosphorous, or a
rﬁ staycture svithorrparate istand strugtares dx abpyrein FigoRs, which

ca.rtlp[% f(é’gl:rl;:é r{.{n%u %Qﬁgos]t d&l sﬁ]aq %P@ ?o lcg}'t?tgr{rgsgf)??tructure Referring

to EBigl 23 emhgera®6( hum aslerse doyed 662 o1ith foﬁﬂtalhn@er 654, 666 468, 670. While

save ter.i aI but not too thin since
shQyghyVits fomidelards, g‘sﬁéﬁ@ﬁﬂ%{ C%@V@é@wertth%f%}sln@@ sHBk ay pne, two

or &ré@ﬁlaﬁ@g ORI kA folud thds -Emé}?as e g}%u?ﬂ?a nt& erson or
the 10 si’l'i con/ ger mani um badse conductor can have
Ordarrarn\sbﬂlaglet}nermt fond gscofgnizem thtztoaﬂdltmnahranrgem of mglatnbmmmﬂﬁﬁ) within

el S8 b e PR SRR S BB AR FhShORE i, e
layér 662CarNiSlah@s 8HQWH66,/66871690 @RS eahdndiVidudlgl ki ©R Blurality of layers.
enbodi ments from about 5 mcrons to about 60 m crons.

Theysizer Juekngss, cﬁoarpnarlyn aglj numben of Hayeay magi Pt mag oy ez eonsistent

| t hin

bet%vﬁgﬁ dﬁ%gen&(p I Cl t r a egfbab&ggf tggzﬁ%%lﬁtr}é%{;a?eﬁ ngW&e Syrgmetric,
andnhieHbeatiohe orﬁnﬂamtst cadltzecd;ed)&wdeas desirg® i@ thk , fotrhgion of a particular

assen‘i)l ¥ of sol arh£ qel s fromindividual solar cells
progucty . La firb‘é{ﬁ“?%ﬂf Siljcpn wugturqggpermsubstgii% 18 fdgsqriped further in
cop¥Rdih v |

PR30, oL, PR 0 o S o .
ﬁle(becm th@mye 16, 06, @mﬂeﬁt"P@p@@ﬁltﬁé1Ceihr$t1tjc1$res?_($oFMtMnels and

baoth to .Ford e tted "Silicon .
s BARRE rrdPhedeny dpgapesled hissin BY iagfiEnes aie Nutingsen be
perfbﬁtnb@lﬁ)ﬂfaaﬁt'uﬁhhf@gtstdé@os?ﬁzﬁﬁ)nto ﬁ'&anﬁﬂﬂént%ﬁbé"e‘fﬂté? Br afi& transfer to a
i ncorporated herein by reference. The teachings in
transpagert sYBstEdt-s can be adapted for the construction of f
solar cell panels using the thin sem conducting
materi als described herein. 25 In general, to forma
In gehetahuthe saucure dah defprosassedt firtherSheed aQﬁnoe of desired approaches.

H i con/ ger mani um based
Suitable processing approaches include, for example, conventional approaches adapted for

the processing of large surface area structures. For example, the structures can be
processed with deposition processes, removal processes and modification processes.
Suitable deposition process include, for example, chemical vapor deposition (CVD),

physical vapor deposition (PVD), spray coating, brush coating, dip coating, knife coating,
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sem conductor, a large |layer of filmcan be forned

that can be used to formthe entire nodule. The
~silicon/germani um based seni conductor can be dep05|ted

directly onto a transparent substrate, such as a

silica glass layer or the like. An additiona

passi vation |ayer may or not be deposited between

the elenental silicon layer dnd the transparent 30

substrate. The passivation |ayer can conprise, for
extEiRinRAcaling i 16 RTIBRRE &nEBNOZ yiew; vasiafipplerepf, cRIbKagiens thereof

Iy I

or Ve, SylPR renlle, BRERLU e (B S B Alcab el oy ecting

or (aﬂiﬁi)wﬁ-has%@&tdhﬂ“lgamhchﬁmﬁal rpohieking mttoechioa hechbtiioah Sdlishing) known

to 180 74 nm and |€ further epbodi nents frgn150 nmto
or nayy) VaRAtions &rﬁfe%ag%rp REHN therpel octhg likey Medificatipacdteshgpgues can

be Q%dQF Hl?dr?tliiyﬁgg gﬁﬁ)tefti’e@ 2088t b@ﬂﬁoﬁl&?ﬁggﬁ 61113%619519 'aféflg Yhe surface of

recoghi ze t I t1ona
the samgfes. Euithblie ko fsamnuedhiniques he:lmepfdrckamplan@@angﬁwﬂructure

are _cont.enpl ate nd are Mﬁth
in G Grto SHHETVer eGP ko B TimeBl PTGy it Tt 3ot aeactive
chefA&hl DEirdcBS PRl dt Whe §dnplBodfRRf ohk ARrdITQRE @SSlike. Deposition,
Approprlate degrees of texturin are described above.

materialgismonal, and/Aemodifiaatipmgan Be predorsiask ineegmiblinrasiog hvitthmasking or

' AY; Layer and through all or a portion of the
hthg 3180;?1‘%'113{218% | ayer. [ [

A rear surface passivation |ayer
can al so be fornmed over the sem conductor sheet. 10 In
add| tional or alternative enmbodi nents, the thin sheet
based semni conductor can be
u I Y, r
A FLH"%’“%&%?&% hEtRRLS, bR ERREAUONE phorbRaR QLR bIEA ko an
apptdpeiateagubstriatam ankieewoah@&iye:ohag@e‘d For s@mple, semiconductor islands

e t | vatio er and/or textur
cang PECITEH. BHEMDPTRr§ AOSHEbr FoRBHSS (PR andiematvely, the
senﬁé&l@ﬁ&& Reructhia BﬁﬁedeV?Jrhféﬁ fY gidiviaihl P&IdeRRB iah8tbred onto a
using light reactive 15 de§05| tion, CVD, PVD or the
profertee shyebatigr scparate femapen.i Bdarge sh@tscpfumtemaletn@rfpn@edo these can

be &E?nto 1n&§1gu910 ﬁﬁ Jh %1,%0 (?nr |1sr%$% f ngo assé%ecYe%t 0 u%yg 11 elements.

are place e Se urtace, € Surrtace

Thecsﬁftu%dﬂt:ibﬁ&ilﬁdist cndbet foaﬁl&@aﬁlﬁﬂtiesﬁﬂébsdtﬂhaﬁlﬁas Hepants and- the like
anpl e using. an adhesive or the |jike. Then, the
with @16@5%@5%1%% Eingzl a5 e P EpIloy B laggient RELD the ransparent front

surﬁ@fm CORAMGNEuA 3RS - aré_ @e%ﬁgeﬁ%&&ﬁ@ct% Hk%rles in parallel or

sem conductor can then be procCessed Into
co 1on$)theeﬂo<f Saelthige oz&laya:rst, hedelayars, enspsutiios and dteslikeacan be

useiﬁ ng?egc {lpsarg? WIFIP{S; 8a Blgrg%gsf tér?rvYarH g?‘?e gnrn%gnductor sheet is
tran§RfFe€ IBd tsrhiatioMihfd 2 detleage ﬂeﬁ:‘zi% laykt 1§§b’?n<ﬁ@d or fractured at a
desirable to forman entire nodul e fyroma single |arge

selestiyd estage odurimgi the trapeessing fadrthe tdgvisan Hpwevesr ifethe esemiconductor is
cells ¢

dlregt:iPE Ei?posﬁ‘ed‘ orrtgr greangﬁdeéqt sPlas-gra?e noqransfi!:lr'I 8% thé semlconguctor 1s used to

roma
form the photovoltaic structure, and generally no release layer would be formed.

In general, a solar panel is constructed such that light can enter the panel and strike the
semiconductor material. The charges generated from absorption of the light are harvested
using opposing current collectors. The surfaces of the panel generally are appropriately

sealed to protect the materials from environmental assaults. Appropriate wiring can
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25 sel ected sizes. The cells can be cut fromthe sheet

once the desired division is schematically mapped.

The cells can be cut using a di anond edge bl ade or

ot her mechani cal nethods. However, avail able |Iaser

cutting techni ques provide for particular conveni ence

especially with the 30 real %ine determ nati on of cel

pl acenent. Suitable | aser cu %ing systens are | :

avai lable from Oxford Lasers, Inc., Shirley, M\ USA ]
PIOYLE 1SREBRbtSRATECED L. the SeHerdd, thempanel sl ¢ Vinerspssi the electrical
cohSR8E8y SRLEBoq TN, 8 HEL) 82U Jrou e b
thens¢rhicohducgir| metenals h&e pacidhler, etie tsdicohgetmanspabased semiconductor

sybstrate. . The |aser, cutting approach may cut into
car? he QOISR it nLTie APRATL SICH G POOSRROIRB O ArRgdopant at a

cofi@hlrati$, O XaRDE:, &5n] PRU0ES, byt | RAMBPAG LR S uUbst rat e
mai ntains its nechanical integrity. In general, the

| aser cutting of the cells can be perforned before,
of the

after o et ween .steps relating.tq. dopin .
Fof e sPbot AR TSR fy BeR Rt Phefiigtom sficonductors
that beNGRAeAYe Sidsial 36 but A& tBaakin SihcE 36RicBhdEdI& layers that are too

.sem conductor is exposed for further processing.” The
thig ¢ g (gt eabserbs i slgsired wereant ©41lighti nThys, ga. s@ge gmbogdiments, the
s i . LC I 6 e lL.ocated. on a
5y R0 P PUBRNELLRL o6 ol7 PR L8, AERISE (A B 2
mi@hotto\abbttal (© médrdis, G6Eome embodithents) fiont aAas i mMadro@to about 80

- .layer. 664, a sem conductor |ayer 666 and a back . ]
mﬁﬁé%i’\‘?agﬁr@_ﬁr CRPEHITEBE, T |2B0EhBRicEgnshio Aye 70 microns and in
ad IR0 RIbb Ginfenfehdri ’abgutr@glwr?résct@%bgﬁtvéh xgicfrléﬁ €A erspn glf 8rdinary

‘nunbers of photovoltaic cel such as ot ovo
ski gh|the 20 vpiloteovggiizeaihat edditienal 2&ngph of dwohteaage thédkingss ®hhin the

tovoltaic cell 1 otovoltaic cell 00

xRS bR e GErodemihg BV apE I ErESim: BsBioio o

A person of 15 ordinary skill in the art wll
- recogni ze that all additional values for the nunber of '
In %ﬂ%if’g\/fh}? paseabiert slarpagelsdiom mdbedyad splar Reliels deprribeil tfurther in
U.9) RS, 21 €3 £0 %Blli?a"ngd?t ANitigd AL ELE Mo MIEMIS. Patent

the present’ disclosure. I'n paf%lcular approac%es to
60,3800 45 tccKhtaokiesti ajn entétledCSolac ellqdoddet §J.8 aPatee ARl @ esd U.S.

to e i fferent placenents for._electrica
Pate&n{l%%%‘.‘f bod e F b <rét actisopohppitalan.nnirggred Solar Cell,
Motif@i 8¢ MAhSRPSAMAEHhOR8ina Mk §9:Bf5,0 i RuE oFUFHiER eolichrporated

Qoliectors. For the processing of thin silicon
hergig dyrrefsechche Thé teachingciarthése peentsenn batddptedifipltye ¢dmstruction off

s §RRhAgha bl U RASkmi HALR R RE R e S
approaches for the formation of photovoltaic cells is

descri bed further -in copending U S. Patent 25 _
In geppral.datfpom asoteoltpigrbeduls 60902 tonehes ofjsdidontgiermastium-based

senﬁ‘éonduétiol',eadla?& ﬁ?plr Y2Fi¥n 184 bgqngned that can be used to form the entire
module. The silicon/germanium-based semiconductor can be deposited directly onto a
transparent substrate, such as a silica glass layer or the like. An additional passivation
layer may or may not be depbsited between the elemental silicon layer and the transparent
substrate. The passivation layer can comprise, for example, silicon oxide (SiO,) or silicon
rich oxide (SiOx, x<2). The passivation layers generally can have a thickness generally

from about 10 nanometers (nm) to 200 nm and in further embodiments from 30 nm to 180
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~entitled "Photovoltaic Cell Structures, Sol ar Panel s
"and Correspondi ng Processes, i ncor porated herein by
reference. Display G rcuits and O her Integrated
Circuits Fornmed From Sem conductor Foils 30 Thin
sem conduct or sheets can be a versatile substrate for
the formation of circuits fo; di splays as well as
other integrated circuit structures The
si | icon/ germani um seni conductor foils can be further

nmAgcids SERENERROPIRANS TORbaP AFhite 1P8dHR dfirest & %ﬁal%on layer can
apt
SRS Yo SR, 0L 0 RS SRR EPSREF S i
recadnizer dnﬁlesitl(tronal emes f éucgcnﬁssbhlmt}ﬁnlthetdxphat Srtmges above are
an _be forned that can used fo

ST AR i
co {efl Adopre, Wikl the; RresRH edisclaruin afhesWitesss© 5hq fransparent
subSBREEA be LeRhed biibBMAIEETBIROH B REE IA 558 EABBELE of texturing
sheets can be deposited onto a permanent” substtate or
are gdegribad rbdwaslp geayrel, tha texturimgpo transferserb Srowghethe ?hmvatlon layer
eet can be rﬁatt rned to formtransi,stor o

andt 0 G’Pt AR & tl}e segg?%ndélﬁtf))g yl%ntA‘sreaIt srtlgace passwatlon layer-

cm&udol&qﬁﬁﬁ@f@%altme&ﬁmms@wﬁ&f.s can be thinner, such
as having a subm cron average thickness. The

formation of thin filmtransistors using

m PR E]J}Ogl'ie?f? & ErSBQ@hq%H&S thd Qﬁul Bt to!? ico/gegnanium-based

sem con I'm’i"s " descri bed in
senﬁcoﬁﬂﬁctSﬂ&ahObé(afmzﬁh‘ed etisiggd .a, reledsei Iab/ﬁd "Sogme pecbEsih®rcan be
Thin Fil hod. of Manufacturing the Sane and

periggRed BRALES w% ibriofig rapasithe dayeh Fomaike telpasg layse In some
emt%@lﬁﬁents aﬁ‘%ak&@atlolﬁaf & andlor tetdUde §0 M@Qﬁ% ki © top surface after

entitled "Electro- Optical Device and”
dephdinerd and proaesping. h& h8grassiVativet layef canhbe Hemseed usmg light reactive

' t erein.b ef erenc 15 Wt h. respect ta
aepp iR R PVEDBE Fie R BN A &P SerrUtiy itline or the
likeaI G@® a'»ﬂyqeﬂtuhhg a889@ésivatibN egRr ARPlab& 6@ fhePRnfi@inietor surface,
using a grlnted dopant with heat/oven based, a

the pusfce camBeattached toss FRISRATCEbpNaldr foy example pping an adhesive or the
hkee'ﬁgg' tﬁgpélgasgfl 3% Lﬂ 8%1 L&reréd%qgl%gge thé Vﬁm%ﬁt?cﬁﬂor I%yer The back

carry

surfdd:esqif&hs mimusmdlgtcamam ﬂIH:lSHerpraies?.eﬂkmﬁtﬂle pinkpeditaiOcells.
resol ution over large areas is presently readily

avai l abl e at 200 to 800 dpi, which is adequate to

In feld QaRok08mbedidtRiPid %Qmidoﬁ@&tWAltsﬂee?'@gin%hglregpt% 4 Otransparent

cover the laser scrib hol es
substrago vithi agrwitlzoud cmnsfnmnggthecsemmmdu@or Wb 4 rekemse layer. It can be

sos SRR GBS SR8 ot B AR BB o

perfoREAHed chiffialboPeGhHithl®- THE BrdhaBEN cells @éﬁc& as ﬁ%ﬁ{ fMarge sheet to
al um num and/or gallium 25
selected sizes.

The cells can be cut from the sheet once the desired division is schematically mapped.
The cells can be cut using a diamond edge blade or other mechanical methods. However,
available laser cutting techntques provide for particular convenience especially with the
real time determination of cell placement.. Suitable laser cutting systems are available
from Oxford Lasers, Inc., Shirley, MA, USA, and IPG Photonics Corp., Oxford, MA,

USA (Ytterbium lasers operating at 1070 nm) as well as other commercial sources. The
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In general, any reasonable ink can be used that is

capabl e of delivering the desired dopant -atons to.

t he exposed silicon. For exanple, phosphorous or boron

containing liquids can be deposited. In particular,

suitabl e inks can conprise, for exanple, trioctyl

phosphat e, phosphoric acid .. ethylene glycol and/or -

propyl ene glycol or boric acid in ethylene 30 glyco

and/ or pr?pylene glycol. In sone enbodi nents, inks .

celisod8 FFOFRER ThoiGathe S1ligearsheed adbered fo fhe dwperarend gubsgirate.  The
i- () t . I, L.Nno i . .

ool U abriBaciORaT b i3 ARt ISR AP) Fyibout damaging

celppatsemniasdofypeathe sreospacend ellistrete nokomtains stsiogch#dcal integrity. In

hot qvo] tai c cel |l s usi hat ol i t.hogr. I C processes.
zerbri, HRolebt G of T R prENTRd helirep PG, g beiween steps
rdﬁh@%b%ﬁﬁﬁ@b&ﬁkﬁ%ﬁ%@ﬁ@s the photolithographic

approaches with the advantages of ink jet printing. 5
Doped silica (Si02) particles generally can be forned

fraoameither flow based or solutiqgn .based rgaches.
Wi B8 drond efacraBrde 86 (B St SRR SR BT, Sitice of the
senfiddidueto$s éxpoSQIMTIR FEtRY protesittd. tTiRSstMichite I dHdwn schematically in
~uniformty using light-based pyrolysis/laser Qﬁroly3|s
Figsn23vapd 24 i gatshompomingrphiotnvelisie eslle @%0oragaeated on d transparent
subrst%{% %%Porke?fgxﬁﬂlg So q:ri V ) thgl%v{)ﬁﬁg tc%l?s“?é(? c&?hﬁqs ! Q%ron% assivation
particles. aser pyro ;%IS Ps useful 1R CRe formatfon
layef 6Gdan kemicesduchatlayt 666 hghd Yadkpakavatidnlagege8s Whiteshown with
.10 crystallinity and size. Furthernore, inorganic
ning phetpkeltaic eells, biogricsan figvs 5%?@%%@% Pt phgtaypitais cells, such as

1 pHobUsIasar, 10%hloYsitsc AR 25 Sl oledif AR Eoght&gvﬂ% cells, 100

ave desirab surface properties that Tea
phadowybtaicséebls| $0yplaal oltemdells, OO phottvobaicicatls wiesereed person of
structures alth h ot her, sources. of particles _.can
orday Sl i T dskoBis ol il st 5 o umber of
phodWoajeSdesls i ¥ eanfReH beteer theee ekplidith@imbdrs bkeSconRahfiited and are
. 6,849,334B to Hone et al., entitled 15 "Optica
expigitlyrwighis theqgesopt disepsuevi ces, " i ncorporated herein by
reference. Particles fornmed by | aser pyrolysis
general |y have appropriate surface chemstry to be
In phrs@éarsegpraichesndesoddreceti alesigny ¢ladtiicdl confbles @inddel ddsignedfto have
particle dispersjons can be inprqved at higher - |
GifEAE BICFRERS eT & CiFichh FRIRRIS-t rﬂgﬁﬁm rqoagasts comprise n-doped
regi®RSli §-u65d RPioAs _ah@%p?r%%)ﬁ%téu%leﬁtscolie@tog§ Nebakhe %xﬁ@essing of thin
e

surface properties 0 [ [

. ] C S C e particles influence
silighns fpels sdeserigld hdnein, paean b¢ eenvefitamt darapabe ther opwadty és the back

f the particl.es eral | y-depe n the synthesis
surf o bfaffe BEERh, TR bacR dptitls SYRGSRR gBorosches for
the SorRatsdl follCghAGolMR JEBNGS ,deSeHbRd AfurtheRNY Solicha@gallS, Patent
act through non-bondina@interactions with the particle

appeatioacesial ppmbero R d8ABeRlitordHedmaigeafj al afiled wrokrbrearysl6, 2007,

M t I t U U f r f . "
o, FROTLIGH CEPUO R USRI 5P Elypppine Pocess
incqrporhied|heresuby ederen&ui t abl e surf ace

Displav Circuits and Other Integrated Circuits Formed From Semiconductor Foils

Thin semiconductor sheets can be a versatile substrate for the formation of circuits for
displays as well as other integrated circuit structures.  The silicon/germanium |

semiconductor foils can be further processed with photolithographic techniques and
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modi fi cation agents include, for exanple, _
~ al koxysi | anes, which chenmically bond to netal oxide

and netall oid oxide particles through an O-Si bond. In

particlar, trial koxysilanes form stable bonds w th

particle surfaces. The side group of the silane

i nfl uences the resulting pro erties of the surface

nodi fied particles. 30 To fofrmthe inks fromthe

LnoEganiC- aLticIe di spersions, other additives can be.
opfiopallyfleng With @Hhsr paticniigcAPPERachFs 58 26 Printig fynertschnologies. In
paielifaf G ﬁi%tsoptrrar{sﬁﬁ)rl(fl&ﬁent JQPAN;A Eﬁﬁ taR%st3P gf}nﬂ Jénents, can be -

sem conductors are descriBed further in copendi’ng .
forpredvihaticem abedpfat thetfompatlonadireduced aiickaless disphinedevices.

60/ 878,239 to Helsmir filed on January 3, 2007,

entitled "Doped Dispersions and Processes for Doping

In SERErAlORH GiRonSuRsidighamsed bORRERRICRL 8l HECaH "Beg%posited onto a

reference. 5 After depositing the dopant 1 nks,
pergpnerinaibstgaty iongver @ peleasa layer ped tampor@yowbstsatd. v @he sheet can be

her, organics. ;A thin.filmwth t hi ckness. of
Pl 8 ERER Gone TPt P By cbsdinients, the
silidér/y@miafivpd @€RRSndudidrs R@n theethinky &uti a8 h8¥ng tah@ibmicron average
.deposited dopant elenent is driven into the silicon

thigkgessor theaforpaiean efehinolm Harsigors usinghototifw sinhiceteriniques from
a t}ﬁﬂgerfqﬁ:of?&[cft&rff&gis Wed 'geg ?@%ﬂepgn t's. i’%tegyg 985’ 806 to Y%m%%akl et al.,

accelerate so sta usi on. ermal "drive-
entifiegafienitondyetver hiny Files udrids Methed @fudsdnafachirifel tie Shme and

dopant in _the siljcon so that a_rel atively deep
SCTBJ&B%%{“%& PS&FGr%‘ldgi‘z%tP%\f Wh FV?HB&CH}%&%%@WP& andy U.S. Patent

- 7,198507 eslvamarali! efieRl n@léc@r‘é%ptic!ﬁ@ﬁ%\%ﬁ% andl "I\gétﬁga(’; rfor Manufacturing -

enmbodi nents, a laser drive-in is perforne
the Sranep| both of which atdvincorpseted Isugih basefarenexci mer | aser.
Exci mer | aser pulses of 10 to 1000 ns can result in
15 nelting of silicon at tenperatures exceeding 1400 C
Withrestpt fdSpabibrnail, idop&f chh B ikdRRmBES ol tin fLfa0Y Bfch@XIBhg the sheet.
diffuse rapidly. into the nelted silicon, but
These demains ray ibeny?@éedv‘EﬂI}g ? printed dopandtwitthkeafoverebased, a laser-based

e Thus. - a s o q C .
or U fiponl e i BRI R B SR e PR A baptds detiveres
in paeparl arryiss mkygvhiek edas oy dzpersed hasings ah ubddstiday .inkjet. Inkjet
Qdditiona ly, the bulk ?fﬁ%gg silicon |ayer and |l ower
resqIuNY §ViTelRBsh 25eS &F PrRseRtla ¥Ht2VAoRs b P8rtat {0 dpip gvhich is
dediH4S to Patk@AVidoYiodRReFit O NhACith &kh . -
dediies, %{?@a rofile, w o t hi P wiEahehe T ol fheaser scribed
holesh oliso,lioRjehrasolutios oneonginbiogi torempeovai {Tiwoainkh gedapaily can be used,
brofi.le, the. dopant rofile has at l.east abgut 95.
with o 18 pap Ui 5 R AR artticR % (e RIERS oSt Bcnic, and the
secomdtifk Brovadifg b-th¥0ddpasOfuchRe bs Rl S1QREHEH Rd/SHESRES.
The dopant profile can be neasured using Secondary
lon Mass Spectronetry (SIMS) to eval uate the el enental
o 0Shd | i t-teri t her etchi.n
In ot&gé}'glaﬁn%{ }ee%g?r?i%gqgk %én YL i.\%éﬁ?éﬂt i %%;%1%% & dfeﬁvenngEtilg Icclﬁ%?e% dopant

erent dep rom € surtace.

-atoms to the exposed silicon. For example, phosphorous or boron containing liquids can

be deposited. In particular, suitable inks can comprise, for example, trioctyl phosphate,
phosphoric acid in ethylené glycol and/or propylene glycol or boric acid in ethylene
glycol and/or propylene glycol. In some embodiments, inks loaded with inorganic
particles can be deposited to provide the dopants. For example, the inorganic particles can

comprise doped silica. Doped silica glasses have been used to deliver dopants for
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| aser fluences of about 0.75 J/cnR for a 20 ns pul se
“or 1.8 J/cn2 for a 200 ns pulse are suitable
paraneters for shallow nolten regions. Some dopant
inks may | eave little if any residue after drive-in.
Dopant inks using doped 30 silica (SiQ2) generally
are cleaned fromthe surfaceT;oIIomAng dopant
drive-in. Residual SiQ2 and 'sone inpurities can be
renmoved with an HF etch. The resulting sem conductor

pheipediainealls aoipePbavhdiogEaRiepBrOaesees- bhhepise of ke stithdapeagarticles
eV ERR Bl ERTBI S A0 P LRRT) bRELSS A BE advanages

of @knetairinti@g. can be forned using conventiona
sem conduct or deposition processes, such as
phot ol i t hography w th photoresist and surface based -
fikd | R1QRE B&FeraIH el BS ¥R FROUPRI ARE badelikf? soluti
Do ﬁf?ﬁe%ggpgfpsﬁgh- n-g?ggsegﬂigged oﬁ.sfﬁ@%ates, et solution
bassil hppraades.o Methdds escpyvadatde &8 sartbeszingimyegagicglatticles in commercial

avai l able .from/Fil.ptronics, Inc, In so enmbodi nent s, . )
v b e AL LTE GEcleR pyoRBROGIT PYIYSE I Which ligh
froMedH ARG eleOforRiRetE 4 ftiohNBtirce WRVELHRIRERDAQH bt fhe particles.

si | i con/ germani um based sem conduct or |Qﬁfure formor
Lasgr pyrolysisanessiul pothg dpnmaties of partiples thatasd high!yt wifprmtie semposition,

unctianal .ink a rocessed u erate

erypialfity 38 i EuiiingEe IniEafl HRRRAS Al RSN Bhfea, for
exaffpll€r udhg 1hs@pr peldsisutiat i refidds innlpartiRAPthasiHage 1dbshrhlgh surface

nmol ecul ar meiggt pol ysilanes with | ow degrees of .
propergiss thahigad o drgh disRepibHEY andiread incqrpoaiipe e dgsitgdsstructures,

L ' ' i r 0L ;
olGREE Wi FRBLICEFof SRS b MR el Hichrheles formpd by loser
pyrSlsindiavo bedn deskisbeainfrthppin U iRatent /848848 "to Horne et al., entitled
w~Jncarpor.ated, -herein by reference. These functional
ORiRMalEH a QBB DEhs | REOTRAY A SSEHN BRI RNt | ng
approaches, such as ink jet printing. Printing
approaches can be fast and | ess expensive 15

Partiglpy dereredsby trseonpatistsogensrally Rvetavpranmists awfaceaghgmistry to be

B q e ) e .
-dls;geg%?é%te n?%)gigpa% tclogpen%ﬁél?s?ghﬁic’e %Ell@i cgtr IPJ% g‘l"]{éggﬁﬁ%ﬁé’ﬁi can be

erate reso nusi-ng
imprénadd s héghee cdoacerit@atiohdl rdf hedrtitlep treagh Ausface trh@dification of the
nctj onal 5n s can be used to form sem conduct or

f [ )
Pﬂ%ﬁ% clrugcagral, jas Aglace merPerinse the RATaclpy BElisaserge disaprsion of the
>qQLve 0 r : r S r .
P e A1l AEFARLI G AP [AATIE enthly BRI & Mo symthesis
appwiach as hveellcay thetpospsymatiasisegroc@Bing orSantxestrfice abtivk sgdnssy such as
i ncor.porating.the thin filmtransi.stors,can be,.
many] SR, AR AUPUE dPEhPRging JhicEtinap SR G BTGl gupfaces. In
som@ eRibedinieits, Vadsirabls Pﬁ%@rtie?hé?ﬂéobbttaﬁﬁgr 8RbYsH eRONIEUBE surface
for the formation o FTs for display applications
modifgatipas agne dhat uehermdeallyn bond. to Phe epartigle 789fagg.1 Puitable surface

: |, . ptl.ed "Method of .Manuf act,urin '
mod e s Tt b Al 5% B Epcfhy bond to mel
oxide and metalloid oxide particles through an O-Si bond. In particlar, trialkoxysilanes
form stable bonds with particle surfaces. The side group of the silane influences the

resulting properties of the surface modified particles.

To form the inks from the inorganic particle dispersions, other additives can be included if

desired, such as viscosity modifiers, surfactants or the like. Dopant inks for doping
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EXAMPLE |In this exanple, the formation of a

~-rel ati-vely dense silicon sheet over a release layer is

30 described. 80 These experinents were perforned on

an apparatus simlar to the apparatus shown in Figs.

8-10 having a configuration with reactants delivered

fromthe top of the reaction 8chanber. Wth respect to

the particul ar apparatus usea for the experinents, a

‘cut - gwa vi ew of reaction chanmber 700 showi ng a stage |
SerpiRPIRINE HC P aibefl Ha bt GORENIRE @Fovisinpd Astent gapligption serial

j hg. - _ ' jau l e .sugh - S

noFiRar Q075208 tp HlctsPaRHied 0F 1ol @05, YRE il *richR) pispersions
anfl Pgdvtesige fion Reping Semitjondictat Smbbtrates)” theompotavediferaimby Therence.

i ght beam can enter chanber 700 through opening 706

in mount 708 on |ight tube 710. An exit light tube

Af?el%lﬁg@ﬁﬁ{g/ a2 dopendigriNaafdpBbndl [@RAPISED QR Hehfs@&*%‘rérﬂfve solvents

chanber. Stage 702 connects to an actuator armtha

ang/et ether erganiver A filir witly h thidingss off legsghan 7 mdcrod Gantbe left for the
rate view of.sta 702 i.s sho in Fig.. 28. Stage. ..

doBEB YT PR R Re Sl s R sstittef dais iR s driven
int@itlidsiHcdh0toaBrh iat dopel€ rdpest i@rthe’ AR coP UThE 8 R2int 8 beURPBhed with

platform The boron nitride heater was obtained from
hegtmgchy api en tqeagesierate Zokid state whffesion h apleaimal idsive-an af dopants

7 . L1d t.rate .7.28 i s ;hel d on

sl Aol P Bt Bl C BF aSHRR U6 TR0 i Wbt gy decr
dopas ssuct@.geferbRy isadbeaidaBtoludehima desiradioveralifdopidgiehes .

During the deposition process, the boron nitride

heat er kept the substrate at a tenperature of about

Ho®0eCin $¥8e cadolifentd. WNSseretReRENS ?Er’f@ﬁjned:rﬁg‘ &aﬁ@ie with a UV
coating run deposited a silicon rich nitride relFedse
laseraypueh andnt ¢xsiseclosat. r Bxcidepdsset pdlsey ySiAltbi 190 ns can result in

ilicon. 20 ring a run, .the age S t th
el T it e R 07T BRuEY 2B BRY " Bopants
in thebderldyer TdiffuseeHidlPnnte ARd intdl@ASiliRn, blegdeRUyCdiFRs Ofry little
the rel ease |ayer coating by light reactive _
pasg ghsowrltqdonilicane  Phvssehermaoximately step-wiseéoprpppefile ¢andes achieved

G I S 00 ST NSRSl gty
thedmiknofithe silicon layer and lower layers remain at or near ambient room temperature.
Thus, a heavily doped contact can be formed with a shallow profile, with thickness from
about 20 nm to about 100 nm. In some embodiments with a shallow profile, the dopant
profile has at least about 95 atomic percent of the dopant in the semiconductor within
about 100 nm of the semiconductor surface. The dopant profile can be measured using
Secondary ITon Mass Spectromefry (SIMS) to evaluate the elemental composition along
with sputtering or other etching to sample different depths from the surface. Excimer
laser fluences of about 0.75 J/cm?® for a 20 ns pulse or 1.8 J/em?® for a 200 ns pulse are

suitable parameters for shallow molten regions.

Some dopant inks may leave little if any residue after drive-in. Dopant inks 'usi_ng doped
silica (Si0,) generally are cleaned from the surface following dopant drive-in. Residual
Si0; and some impurities can be removed with an HF etch. The resulting semiconductor

sheet has doped domains separated by poorly conducting semiconductor domains.
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Ammoni a (sccm) 400 Argon (sccn) 500 SilL (sccm 50

Deposition Time min 81 After the deposition of the.

rel ease layer, a crystalline silicon |ayer was

deposited according to the conditions in Table 2.

TABLE 2 Laser Power (watts) 1800 Chanber Pressure

(torr) 100 Substrate Tenperature ('C) 820 Stage Speed

cninin 10 Argon sccm 700 - SI'H4 sccm 250 Deposition

nun 5 5 Fol |l ow ng conpletlon of a coatjng run,

Ad@ﬁl@ﬂédﬁ%ﬁf? aerebaﬁsébmavwhﬁ seeicandistarohest. gFhese siragikres can be
for&@?%&ﬁ%ﬂ?ﬁi&%ﬁpgl@%{n éHnﬁé&Sr Q{ng%tﬁga%{egses {l\%gl%g hﬁttggfhography

withi phiotcoesist Tand stofate bgsddadkpasitibn alopeasheasf suaughlCyIBPVD and the
with a porosity of abaut SOW as neasured b

Lm ons
hkesc?mg?rgwé?aem -8R~ 235855082561 BRFA!CS: Stloxgnes a0 isesapipgenes are

corﬁﬁ@xtma?ltyaatvhﬁalﬁxl: &6t E&h&b{m\é@iné Ufrf dofhESHhbd dPmEMR! ééfrﬁc&nhsctor inks
rel easé layer 1nt nmbodi ment. A phot om ct ogr aph

canofbet hised o]@ sdepbsit esapficodkictoes prqcumgrssnhatc a@anf bkl poeessed into

..th substr te.is sho in _Fi 29. F

SRR B R PETBAOr1e PufY foRRipr Pl doRRBRa R dDeles can be

usefl t@ mrhh@eieﬁ‘ﬁlﬁéﬁ(ﬁlal AKE khadBgh bé pricedsed thrRegiablsrarfhebeatments
rel ease | ayer can be seen on the substrate surface.

fo ¢gcgmpase gHowke sermicandnshing graterd. simpreved fsictiosd pakyeemprising
iah FRIROLE ASTRUBAIAS | Sy S shUE U ISE el ot

in @@emchﬁ@dmﬂl Meﬁtcappheatfoamaamlt mr@tﬁertaﬁ)@me’l%asel)iloamaﬁv et al., filed

enbodlne ts above are |ntend to be |IIustr€t|ve
on E%ﬂﬁaﬁlﬂ, | H%. egtledhggnGtignal| Ink &Pﬁjé?ﬁt’é)n%rTé‘GWP hingorporated
her&ﬁ%gqueﬁk&ﬁe lI'Hes%qqhétio‘ﬁQl’ inR EQPMQ&\BBE‘% reasonable printing
i nvéntion been 20 descri bed refere to

apppaachés; ghcr aselmrkqdu prniing, Rivose apprdackes ¢am hehﬁisfamd lepd ¢xpensive
r nize that ch e.made i.n f.orm an

soPE R QEBARL G PORC By P00 aried Qe ih Sriches while

printing can achieve moderate resolution using existing technology that is expected to

further improve. Also, these functional inks can be used to form semiconductor structures

using lower temperature processing than conventional processing approaches. The

substrates and release layers can be selected to be compatible with the cure temperatures

for the ink.

A display incorporating the thin film transistors can be a small, inexpensive display for e-
paper, or a larger display for various uses. Photolithography techniques for the formation
of TFTs for display applications are described further in U.S. Patent 6,759,711 to Powell,

entitled "Method of Manufacturing a Transistor," incorporated herein by reference.

EXAMPLE

In this example, the formation of a relatively dense silicon sheet over a release layer is

described.
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the invention. Any incorporation by reference of

‘docunents above is linited such that no subject

matter is incorporated that is contrary to the

explicit disclosure herein. 82 Cdainms: 1. A sheet -
.conprising crystalline silicon, germanium silicon

carbide, silicon nitride, qued mat eri al s thereof or
~alloys thereof having an average thickness of no nore

than 5 about 100 mcrons and a surface area of at
ThessaeipermsnE WoO Refoamed OB AT FRPEEATSS SHIHEF dp rthe pRPasHER shown in

f
F1 eF lr()er?abvﬁ{f %oun d@lrgt'ﬂgl gfﬁ}gsrt%?cg%rgg %le\{\@r&? ﬁ%ﬁ{ B tog of the reaction

easa ong the op
chmb’ér acWithZrespiie tosthe giartizhulat lapparaths whed &irrthé hﬁpaimts a cut-away

rises crystalljine silicon. 3. The eet
v1e&vi gf) Egastion, & %rplhert él}%{l%@' §tﬁ%e i& II]&(BJﬁ)tq elow the reactant inlet
noR Y4 %SBbhiiA%ig b7 TE@SheLts Qc]fo]u&lﬂﬂb Rudn WAEHRI d[lsthﬁk% from the

sheet has an average thlckness rom about 20 nm
substyatetto Bife ednterarishe lighttheaffheanshreadjusiéd bétaieam I1 mtnenoeamnnn The

. e sheet has.,a st dd viatjo |n t hi ck S acr,

el R R T GhTOPaLD ruet Bt e ot it P8 on g Bibe 710,

AnGRRtlighehee AQURCE¥S! HE besin after TARnSBASH ttﬁf)u%i ﬁierﬂh&mber Stage
whereln the sheet is a free structure.

10k ¢raaectpfo & antyatar apmeheli enterhehagthes 00 ﬁlrolgfleae%@m.rwon#oﬂﬂd
to a substrate with adhesive. 8. The sheet of claim1l
wherein the sheet has a nminority carrier diffusion

A depﬂgtehvlafv oiﬂsta025’OQ gasiovabiuFig308.mMSelge )2 &mp'HSES 5 bafless steal
rein the carriers have an electro

Supﬁﬁ’é i Hl'citfcynwo?mawth aReron pefide bsateny 23 gnountpdien ﬂ;& W@P‘PRS dlatform.
Th@bhorbR !hﬂh&& h@até%r(ﬁ;?élﬁed HOLARE t%rfin‘mé? r He&t&eT TR %Civafer shaped

conprising depositing an inorganic naterral froma
platfermt 724/ end legav72&e A shcdnnmbsfaate @281 indeald ay g¢lie op sarface of platform.

2 HRE kvl Rl 432 SR 0nT R Fhmdter d5 Bl ©
material. 83 11. The net hod of cIa|n110 mhereln t he

i norganic material conprises crystalline
During the deposition process, the boron nitride heater kept the substrate at a temperature

of about 800 °C. Two coating runs were performed. The first coating run deposited a

silicon rich nitride release layer and the second run deposited crystalline silicon.

During a run, the stage was moved past the nozzle 1 cycle or 2 passes at a rate specified in
Table 1. The reaction conditions for the production of the release layer coating by light

reactive deposition are presented in Table 1.

TABLE 1

Laser Power (watts) 1800

Chamber Pressure (Torr) 100

Substrate Temperature (°C) 820
Stage Speed (in/sec) 30 cm/min

Ammonia (sccm) 400

Argon (sccm) 500

SiH, (scem) 50
Deposition Time (min)
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silicon, germanium silicon carbide, silicon nitride,

- doped-materials thereof or alloys thereof. 5 12. The

nmet hod of claim 10 wherein the underlayer material-is
soluble in an aqueous Iliquid while the inorganic

material is insoluble in the aqueous liquid. 13. The
met hod -of claim 10 wherein tge under |l ayer material is

soluble in an organic [iquid while the i norgani c
material is inso ubI i n_the organi iquid. 10 14.
Aﬁﬁte#r?oalemﬂ%ro?ﬁ% legse, divep & iRl 3 whgogy daver (s deposited

accHRi0d tﬁ@g@{dﬁﬁddggn TQQIQQSA ting an inorganic materi al

over an underlayer material having a porosity of at

| east about 40 percent. TABLE 2The nethod of claimi14
wherein the inorganic |ayer conprises silicon,
gemanium silicon carbide, doped naterials thereof or
al | oys thereff. L1&: polRewa®) hod of ¢goal m 13 wherein the
under | ayer mat €hdniber EQEPE @SS [S1 /1 gom oxide, silicon
nitride or sikueode Tempaadureide.) 20 BZ0 A stiructure
conpri si ng al|plssabpdey (cafmiat §er nedlda sl ands of a first
i norgani ¢ materi aArgondstdm)an aver aggot hi ckness of no
nore than abput 1@Hificepons, f{he pab® erned i sl ands
bei ng | ocat ed RspesitiomTieyk (min] ayer of 5Sa second i norganic

materi al wherein the second inorganic nateri al
rolf QL SRl BESCRRATe BEESHESLEuRlr Sk, bEY aniom

gray/blaklg @bdtih g e¥s 1 thé sGPARRS d fSB8 viférl CDHb sili@S BB WA similar to the
silicon carbide, doped materials thereof or alloys

expedies eelpr off dlemppial silicort dihe cetting hidn firckpses ef fpughly SO microns

w1ﬂ'§8$‘3ﬂ% ngg%gr ggﬁﬂor Wagseﬁfeggm&qo%ﬁ% él!eétr%% mf‘gos%{) ESEM) It

formng a e|V|ng StTuc
wascebispriiedi thgt stapo sldctridtyawas eﬁffmd ustmptuim&}&r rdléasenhyeran this

emb?ﬁl)é(ftl%réf dh%s rﬁi)%ggrggﬂp dgf{,ﬁ &aﬁu 308 § l%btg%;‘%télftg}g? sA{hcozn foil on the
subst4RSTsIBb®n GR TRE. | BE SF; W%nm SIRSekadE Q:d%egjwﬁér%- a n%(?r_tlo;[ I3 the silicon foil
erein dep ri

met hod of claim 20 osition co ses
sepadite@ Eroimdre aeleasedeyarentl| fragtur&l. nBemnantpobihacelease layer can be seen

on tﬁ? g% 1?'r|a‘[teI s%?tsacg O{: qlfshgwsta aén%%g E)f e S%ECO?I fotl asglgarz\iltgd from the
substrate. Fig. 32 shows the underside of the fragment of Fig. 31 with the lighter color

corresponding to the remnants of the release layer.

The embodiments above are intended to be illustrative and not limiting. Additional
embodiments are within the claims. In addition, although the present invention has been
described with reference to particular embodiments, those skilled in.the art will recognize
that changes can be made in form and detail without departing from the spirit and scope of
the invention. Any incorporation by reference of documents above is limited such that no

subject matter is incorporated that is contrary to the explicit disclosure herein.
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- 23. The method of claim22 wherein the reaction is
driven by absorption of light. 24. The nmethod of claim
20 wherein the sem conductor naterial conprises
“silicon or 10 doped silicort2 25. A method for forning
di screte islands of a selected area and an average
t hi ckness of no nore than about 100 m crons, the
Claimshod conprising cutting a | arger sheet secured onto
a substrate to formthe islands with the sel ected
area, wherein the sheet conprises a 15 crystalline
1.1 nOA%Bétho[’ﬁ;iretﬂgadrystﬂﬁne Ailipbitgeyrahiiaing sitfock t&bide, silicon nitride,
nprising discrete isl|lands forned by the nethod of
don,eriarp#ﬁnés hererfepmnalioys tasrsel brang en fvaege dhigknesg of no more than
obofl Y Biqrb ot | G50 a7 pPleas Mop ABIRUIT Bmoters, wherein the
sheetolpfrdesasiree aloaglspalsmﬁatcemi}ntegmng rel@Balgly dosnd 27 a sébstrate along
digﬁl tl[gtonprlsmg a control elenment and a plurality
the gppPos gMrtting elements with light emssion of
each eienent bei ng under the control of the contro
el enent, the control elenent conprising a sheet of
2. si | Theoshegerfrebgimuinwbersiadhe shdet enrapreses erylstallinecsilagen2 5
aver age thickness of no nore than about 100 nicrons
wherein the sheet is patterned with transistors

3. OpeTdhget dﬁcﬁ‘ufnamvﬁ@ew thé ciybRllle&dicon is polycrystalline.

4. The sheet of claim 1 wherein the sheet has an average thickness from about 20 nm

to about 50 microns.

5. The sheet of claim 1 wherein the sheet has a standard deviation in thickness across

the substrate of less than about 5 microns with a 1 centimeter edge exclusion.

6. The sheet of claim 1 wherein the sheet is a free structure.

7. The sheet of claim 1 wherein the sheet is releasably bound to a substrate with
adhesive. ‘

8. The sheet of claim 1 wherein the sheet has a minority carrier diffusion length of at

least about 30 microns.

9. The sheet of claim 1 wherein the carriers have an electron mobility of at least about

5 cm?/Vs.

10. A method of forming a separable inorganic layer, the method comprising
depositing an inorganic material from a reactive flow over an inorganic underlayer on .a
substrate wherein the underlayer material is soluble in a solvent that does not dissolve the

inorganic material.
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11.  The method of claim 10 wherein the inorganic material comprises crystalline

silicon, germanium, silicon carbide, silicon nitride, doped materials thereof or alloys

thereof.

' 12.  The method of claim 10 wherein the underlayer material is soluble in an aqueous

liquid while the inorganic material is insoluble in the aqueous liquid.

13. The method of claim 10 wherein the underlayer material is soluble in an orgémc

liquid while the inorganic material is insoluble in the organic liquid.

14. A method for forming a separable inorganic layer, the method comprising
depositing an inorganic material over an underlayer material having a porosity of at least

about 40 percent.

15. The method of claim 14 wherein the inorganic layer comprises silicon, gemanium,

silicon carbide, doped materials thereof or alloys thereof.

16. The method of claim 15 wherein the underlayer material comprises silicon oxide,

silicon nitride or silicon oxynitride.

17. A structure comprising a plurality of patterned islands of a first inofganic material
with an average thickness of no more than about 100 microns, the patterned islands being
located on top of a layer of a second inorganic material wherein the second inorganic

material comprises a transparent substrate or a release layer.

18.  The structure of claim 17 wherein the first inorganic material comprises silicon,

germanium, silicon carbide, doped materials thereof or alloys thereof.

19.  The structure of claim 17 wherein the second inorganic material comprises silica
glass.
20. A method for forming a light receiving structure comprising depositing a

semiconductor material onto a textured surface of a transparent substrate.
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21.  The method of claim 20 wherein the transparent substrate comprises an inorganic

glass.
22.  The method of claim 20 wherein deposition comprises directing a reactive flow

having product compositions formed from the reaction of a reactive flow.
23.  The method of claim 22 wherein the reaction is driven by absorption of light.

24.  The method of claim 20 wherein the semiconductor material comprises silicon or

doped silicon.

25. A method for forming discrete islands of a selected area and an average thickness
of no more than about 100 microns, the method comprising cutting a larger sheet secured
onto a substrate to form the islands with the selected area, wherein the sheet comprises a

crystalline inorganic material.

26. A photovoltaic module comprising discrete islands formed by the method of claim
25 wherein the discrete islands comprise crystalline silicon, crystalline germanium or
crystalline alloys thereof and wherein the substrate comprises a transparent inorganic

glass.

27. A display comprising a control element and a plurality of light emitting elements
with light emission of each element being under the control of the control element, the
control element comprising a sheet of Silicom’germarﬁum-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.



