WO 02/ 22919 PCT/ US01/ 29382 FORM NG A SI NGLE CRYSTAL SEM CONDUCTCOR FI LM ON A
NON- CRYSTALLI NE SURFACE TECHNI CAL FI ELD This invention relates to systens
and met hog®) f2@pefoor m ng a single crystal 5 sem conduct or gathimopness2
non-crystalline (e.g., an anorphous) surface. BACKGROUND Many different

met hods have been devel oped for form ng single crystal epitaxial

sem conductor filns. Epitaxy is the regularly oriented growmh of a

frsquent ﬁﬁ@@i@ﬁﬁ?@#&@ﬂﬁ@ SEMICONDO: RERFIEM ONTR,
such as pol ycrystalline MMON-CRMSTALLINEG SURFAQE: axy is the growth of

a crystalline filmon a crystalline surface of the sanme substance.

Het eroepitaxy is the growth of , [ [Imon a crystalline surface
of a different substance. Chem iﬁg@'g@to@%@tion (CVD) processes, and
to a lesser eplieMlyerRiyiSehibs ¥ARRteHSRAS nhdtRBIPINIESHRE a S ytapre 15
used to grow or epe(?gllt single crystal sem conductor ?%yersgggawg

crystal Isemicendistomfilen onFheonrogisialiinefe.ghensimeipbogs)y suddceepi t axi al fil ns
depends upon a nunber of different factors, including good |attice match
between the filmand the substrate, proper growth tenperature, and proper

reactant concentrations. For nanyBAQKGRO@UNDs, pol ycrystalline or
anor phous filns are acceptable or 20 even nore desirable than epitaxial

films. For exdapy differapiymgthadsdiavedaen dayelopsd ipbiofarps eH1gle f&stall ms, whi ch

may be ch ' [ h i i i , d hi gh
ol gt ARG Shinf el b FNRSSs ol REAL ARLARY rGREbARCe, 200 T Of
_suclh S_S @yétianmtre stibgttind€ bnad @?s&ﬂﬁﬂ@sﬁlemen’_tﬁnglefcry%@lffflkns‘ ﬁeqme;tcmbishave

I NCl udl n el ectroni c assivation, | nsu tlon n 1 . i .
C}Jlrr]@pt sgp@eri@épmqsté???mlﬁm' 1o qtbanu@&@?tfg{nsha%g\,ﬁa |§01§’g‘&’lr§|?ai]énéjg§ I(r)rg:t or

ol of t Cive ! _ . \ . . ” ol
oryssal Aipdbldtnas ol (e A LHGSin i STErsRue ! Nl ©

i Nt egr atsw@fage lof thd satavisabstahce. t Wetedbepinsiydsahe giwthadfur eystallive Slbshrat e

surface.
crystalline surface of a different substance. Chemical vapor deposition (CVD)

processes, and to a lesser extent, physical vapor deposition processes, commonly are
15 used to grow or deposit single crystal semiconductor layers on a crystalline substrate.
The quality of the single crystal epitaxial films depends upon a number of different
factors, including good lattice match between the film and the substrate, proper
growth temperature, and proper reactant concentrations.
For many applications, polycrystalline or amorphous films are acceptable or
20 even more desirable than epitaxial films. For example, many protective films are
polycrystalline films, which may be characterized by high hardness, high corrosion
resistance, and high oxidation resistance. Amorphous films (e.g., oxides, nitrides
and glasses, such as silicon dioxide) also serve a number of useful functions,
including electronic passivation, insulation and dielectric functions. Current device
25  performance requirements, however, require that most or all of the active devices of
an integrated circuit be formed in a single crystal semiconductor region. This
requirement typically limits the integrated circuit devices to two-dimensional
structures on a substrate surface.
Numerous attempts have been made to extend semiconductor device

30 fabrication techniques to three-dimensional structures by growing single crystal films



Nunerous attenpts have been nmade to extend sem conductor device 30
fabrication techniques to three-dinensional structures by grow ng single
crystal fwo@na¥e02/ 22919 PCT/ US01/ 29382 over anorphous fpdmgsoysesd as
insulators in two-di nensional integrated circuits. For exanple, U S.

Pat ent No. 4,686,758 describes a |ocalized overgrowh process, i-n_ which
seeding froma single crystal silicon substrate is used to grow si ngl e

crystal ﬁglaﬁo%ﬂh!r)@#gﬁs Q¥ a?&sﬁmpﬁqﬂﬁéhiﬂ%ﬁoﬂl?ﬁoa t&?E chify Efor The

| ocal i zet overg rocessinvolves etc I'n t e silicon

di oxi de dxaygjle,do\8n Ptacemtme 568078 deyesibab asotaléed sebsbvah eroessd, Iy owi ng an
epitaxial silicon filmupwardly fromthe substrate in the vm%dow
Local i zethigheegding: Howra §1inﬂ§l @Y%tﬁgl%lllﬁ‘lm §1PSLER Is geed oS HDERECTYHRbCt i ve

epl t axi TK@’ f i de wi ndow.
Pataé lh(%H Qr(f %%1@@@@%Sggoé%£¥ oé lce)f 13?8# m?ﬁg l%&gllgégl e 10 crystal
f i | msf r ameagioeat prayess innplvestetinga avmdowanythbailioonehsndé dmyerovim gh- dose

i npl anti ng of a nucle |ng peci es throu a S|n | e c mask Vi ng
appr opr |tB€ém8é¢15WﬁE41|5§§f FﬁB’—m§n§p€éEW %E‘n&Bg ¥1é11|51 FL‘E ts. In

zone ”Elﬂ'érggth§ sﬁﬁgtm%%'thé%h&awpr éé‘éovgr;,%waisf&ﬁ &ystgllemlz%&pduct or

| ayer anorp hous ayer depositing a polycrystalline
or anor pmuﬁs whanqh@dulretme b;alyaaaial gTSwmhlreadil@stthetaiemde&d thagdiconi t h a

| aser or_ other ener ource, and all the nelted | ot )
o or yotdPKRseindantoH: S, Toatime b8l dayriisser pedod P IorBiser sl

te d
L iy cryital film e pAdnferdfnbthfied b BAeRSARBROGRIAR LS HEALAEOPDSRT

f or mat i dmp2éntiveg dibal niucleating hpeaésat‘mbagle al siyge crgstalapesi hadngrppraepriate

non-crystalline surface to s seed | ayer or t he subsequent
epi t axi & a@P%\Hﬁ%}aH\EC‘&OIﬁ ?Rﬁcégé‘F §§1’éﬁl ec?ﬂﬂ?? oy nF?‘Pﬁ"ﬁnq?ﬁ”Pg)ne aspect,

1E|hlem| gx%g&qgﬁllﬁfﬁfdhgfﬁcgseﬁgfﬁ'gﬂg@ rfy?trams&ﬂl h%&%ﬁ&ﬁz&}%e f&%’ﬂécf@ﬂ‘éﬂ“ or

n-cryst n accor nce wit’h thi's 1rnventive

met hod, mtb@lhiphaﬂ&ydrd%edepomurgoa)palynqgst@lhnerodan&dphomagemxfcondud:teaﬂaymn, 5| tes

is de 03|ted on the non-crystallipe surf and the single crystal
semlégndﬂéllnélg tgﬁ idsppsited lay%r with apaser or ot er 'energy source, an% a?lowﬁll tﬁe

melted layer to re-crystallize, randomly or from a seed, by superposing a temperature

gradient. Still other single crystal forming processes have been proposed.

SUMMARY
The invention features a novel single crystal semiconductor film formation
20 method in which a template layer is deposited onto a non-crystalline surface to serve
as a seed layer for the subsequent epitaxial growth of a single crystal semiconductor
film.
In one aspect, the invention features a method of forming a single crystal
semiconductor film on a non-crystalline surface. In accordance with this inventive
25 method, a template layer incorporating an ordered array of nucleation sites is
deposited on the non-crystalline surface, and the single crystal semiconductor film is
formed on the non-crystalline surface from the ordered array of nucleation sites.
As used herein, the phrase “forming a single crystal semiconductor film from
an ordered array of nucleation sites” refers broadly to the transfer of ordering

30 information from the nucleation sites to the single crystal film being deposited.
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heating, to remove one or more volatile components of the template layer.
15 The template layer may deposited by a Langmuir-Blodgett deposition process,
or by an evaporation-based deposition process.
The single crystal semiconductor film may be formed by a vapor phase
deposition process, a solid-state crystallization process, or a zone melting
recrystallization process.
20 A non-crystalline layer may be formed over the single crystal semiconductor
film, and a second template layer incorporating an ordered array of nucleation sites
may be deposited on the non-crystalline layer. A second single crystal
semiconductor film may be formed from the ordered array of nucleation sites of the
second template layer.
25 In another aspect, the invention features an integrated circuit, comprising a
single crystal semiconductor layer formed from an ordered array of nucleation sites
defined by an array of organic molecules disposed over a non-crystalline layer.
Among the advantages of the invention are the following.
The invention provides a method of forming single crystal semiconductor

30 films of any desired orientation on an amorphous layer. This feature enables high

quality, vertically integrated semiconductor devices (e.g., complementary metal-
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deposited on a non-crystalline surface. FIG 2B is a diagramatic
cross-sectional side view of the tenplate |layer of 15 FIG 2A after being
processed to expose an or ddDESCRIPTYON OFUDRAWINGSsi t es on the
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FIG. 2A is a diagrammatic cross-sectional side view of a template layer
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deposited on a non-crystalline surface.
FIG. 2B is a diagrammatic cross-sectional side view of the template layer of
15 FIG. 2A after being processed to expose an ordered array of nucleation sites on the
non-crystalline surface of FIG. 2A.

FIG. 2C is a diagrammatic cross-sectional side view of an incoming vapor
phase species condensing at preferred bonding sites defined by the ordered array of
nucleation sites formed on the non-crystalline surface of FIG. 2A.

20 FIG. 2D is a diagrammatic cross-sectional side view of a monolayer of a single
crystal semiconductor film formed on the non-crystalline surface of FIG. 2A.

FIG. 2E is a diagrammatic cross-sectional side view of a plurality of
monolayers of a single crystal semiconductor film formed on the non-crystalline
surface of FIG. 2A.

25 FIG. 3 is a diagrammatic cross-sectional side view of a single crystal
semiconductor film formed on a non-crystalline passivation layer of an integrated

circuit.
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Referring to FIG. 2A, template layer 10 may be deposited on non-crystalline

15 surface 14 in a number of different ways.

In one template layer deposition embodiment, template layer 10 is a
Langmuir-Blodgett film formed from an ordered array (or matrix) of organic
molecules. Template layer 10 may be formed by layering a suitable matrix-forming
material onto a formation support. The formation support may be a standard

20  Langmuir-Blodgett trough containing an aqueous solution and one or more movable
barriers. The matrix-forming material may be layered onto the surface of the
aqueous solution and compressed by the one or more movable barriers to form a
tight-packed monolayer of the matrix-forming material. In some embodiments, the
matrix-forming material may be polymerized by irradiation (e.g., ultraviolet

25  irradiation, gamma irradiation, x-ray irradiation, and electron beam exposure).
Template layer 10 is deposited onto non-crystalline surface 14 from the aqueous
solution inside the Langmuir-Blodgett trough. In some embodiments, a substrate
carrying the non-crystalline surface 14 is immersed vertically into the aqueous
solution inside the Langmuir-Blodgett trough. As the substrate is withdrawn from

30 the Langmuir-Blodgett trough, a monolayer of the matrix-forming material is

deposited onto non-crystalline surface 14 to form template layer 10. The matrix-
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volatile components of the matrix-forming material. The components of template
layer 10 remaining on non-crystalline surface 14 define the ordered array of
nucleation sites 12. In other embodiments, the single crystal semiconductor layer
may be formed directly on template layer 10 without any post-deposition processing.

20 Single crystal semiconductor layer 18 may be formed from_ the ordered array
of nucleation sites 12 using many different film growth processes, including vapor
phase deposition (e.g., chemical vapor deposition and molecular beam epitaxy),
liquid phase crystallization (e.g., liquid phase epitaxy and zone melting
recrystallization) and solid-state crystallization techniques.

25 Referring to FIGS. 2C and 2D, in a vapor phase crystallization process, a
suitable vaporized semiconductor species 30 is introduced into the space above the
ordered array of nucleation sites 12 on non-crystalline surface 14. The ordered array
of nucleation sites 12 defines an array of low-energy (or otherwise preferred)
bonding sites for the constituent components of single crystal semiconductor layer 18

30 and, therefore, serves as a suitable seed layer for the growth of a single crystal

semiconductor film. The substrate supporting the non-crystalline surface 14 may be
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the single crystal semiconductor film 18, film 18 may be grown to any desired
thickness. On the other hand, if there is some mismatch between the bonding site
spacing and the lattice constant of the single crystal semiconductor film 18, the
thickness of film 18 may be limited by the build-up of elastic strain, which results

20 from the altered lattice constant of the initial layers of film 18 that accommodate the
bonding site spacing mismatch. In general, the greater the mismatch, the thinner
film 18 may be made before the elastic strain is relieved by misfit dislocation '
formation.

EXAMPLE 1

25 Template layer 10 may serve as a seed layer for a single crystal elemental
semiconductor film. For example, template layer 10 may serve as a seed layer for a
single crystal silicon film having a (111) crystallographic orientation. The single
crystal silicon film may be grown on a non-crystalline surface (e.g., an amorphous
silicon dioxide layer, an amorphous silicon nitride layer or an amorphous glass

30 substrate). Template layer 10 may include a Langmuir-Blodgett film formed from

organic molecules that incorporate one or more silicon atoms and that, when



| evel of elastic strain in single crystal sem conductor film 18 and the
acceptable density of misfit dislocations in the single crystal

sem conduwigap/zhedom 18. As shown in FIG 2E, additional epig@xisi/29zg2

sem conductor |ayers may be grown 15 on top of the initial layer. If the
bonding site spacing matches the lattice constant of the si ngl e _crystal
sem conductor film18, film 18 may be grown to any desired thickness. On

the ot h‘f)F) ed ffoﬁi'i'@l’?efa?oﬁ%@oé@ﬁé&%& %I&%ﬁﬁ%sﬁ%?@&%e@ﬁ sflidoa spaci ng

and the Ice constant o e single crystal sem conductor film 18, the
thic kneasom tdtlmattBestthe laetide cartsezhtlof atsiregld @W&ﬂalwphmn flmst vamety £n,

whi ch ts 20 h | d.l
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elastic strain 1s reliteved by ms di'sl’ocation formation. EXAMPLE 1 25
Tenps at acidayeanih® amdyhenicyeniae dyesepaphgyisy ahdphthabeggnénar yst al eI errent al
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orient a%hQP c%}gétﬁl sﬂ’iﬁbfﬁ il 1 10 §ObriddddniB top Suih e @ﬂa&lon-
non-crysta |ne an anorphous silicon dioxide |ayer, an

amor phousyssalline ammphousj elhlcay elnox:de aassa‘mirquhbusr gl dersam Ultégﬂétﬁtdr %if@%lt
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a spacing t ween SI Icon “atons that matches the | attice constant of
a SI ngl silivoysiilal 18 mdycextehd lomly dvera atep nplededitd falrésate ABE GEMUS nay be
used to formthe Lapgnuir- Blod ett fil

(lauric sg{;glggn USTISAEYiHse 1soqe eRRyill r%n%rgisi,psj{lée Cégﬂ? %ﬂggegﬁﬂgrs ggg?ctfl c5

aci d, cygphng aa%%sﬁﬁfg ﬁ)&‘%@é&@nﬁ’i’ﬁ% raP& Blait.NIn ﬁﬁté%e@ﬁﬁtﬁtﬁhﬁféﬁ@n lanecond
Referrlngto , In accordance with this Exanple, tenplate |ayer 10 may

enabl e ansomlbaes trspddtinig kiykr oy e fomned aboveéhe émﬁ%lcré’ﬁtaa sflispn il Hbe 14 of

a non-
15 and a second single crystal silicon film may be formed on the second amorphous

insulating layer. Multiple integrated circuit layers may be formed by growing
additional single crystal films on each subsequent amorphous insulating layer. This
technique may be used to form high density three-dimensional integrated circuit
structures.

20 EXAMPLE 2

Template layer 10 may serve as a seed layer for a compound semiconductor

film. For example, template layer 10 may serve as a seed layer for a single crystal
gallium arsenide film grown on a non-crystalline surface (e.g., an amorphous silicon
dioxide layer, an amorphous silicon nitride layer or an amorphous glass substrate).

25  Template layer 10 may include a Langmuir-Blodgett film formed from organic
molecules that incorporate gallium and arsenic atoms and that, when polymerized,
form a close-packed film with appropriate respective spacing between the gallium
atoms and the arsenic atoms that match the gallium and arsenic spacing in a single
crystal gallium arsenide film. A variety of different molecules may be used to form

30 the Langmuir-Blodgett film, including n-dodecanoic acid (lauric acid), eicosanoic



crystal line anorphous silicon dioxide passivation |ayer 32 for an
integrated circuit 34. Single crystal silicon film 18 nay be grown over
the entirwgm@gseiwati on | ayer 32 10 or only over sel ected rpggigns 26852
passivation |ayer 32. For exanple, single crystal --'silicon film 18 nmay
extend only over an area needed to fabricate one or nore sem conductor
devices. In sone enbodiments, single crystal silicon film18 may be used
as a subghy i { Qeatutd E‘é%ﬁﬂé' atil ®94RIRE a@idr %ylaﬁme |aﬁdtHé@ﬁ1@%£rﬁh@@|y€§ nts, a
second anorp gus insulating |ayer may be fornmed above the single crystal
si | i con porphytid, aﬂ&p@ﬁuﬂangammniS|ngle crystal silicon filmmy be forned

on the second _apor phous, insu tin lti,ple inte

| ayers may bglqtg’r%r%@vﬁ)ﬂ ?rgl?/\‘ﬁdngx ntﬁfnlvlsll"iltﬁd%’eerng #?ﬂ?ﬁsé‘% each
subs eq“%hnériﬁrtHE‘%Hgglé El%?‘é{a@tsbﬁlgcdrﬁi\ﬁ%for ﬂitﬂssm HeeGBRi Um ofbér ktbesiadete, f orm
hi gh density three-dinensional integrated circuit structures. 20 EXAMVPLE 2
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anor phous glass Substrate). 25 Tenplate layer 10 may include a

Langnui rsiBgledygstal $amlr¢0ndm¢tsd fitmo ik her @aampraucu‘:d |agemmb asot haruld he shebyieally

| d d that f ked
P11 m w teoiapaT o E1¢ Do it Do BT bR HfeRBAE Bna the
ar sefy ¢ aglcm sémflondRERR fﬂﬁ%@?'drieﬂﬂ@??oﬁﬁ?fﬁ@h@n $0 e Bedrad arrayngl e
crystal lum arsenide film A varie of different nolecules nay be used

to formmmclezttmn_am@rdﬂfmeﬂlh)d@@tlncmmomitedr&tﬂ)mﬂq afdidisde tadatansaci d (lauric
acid), eicosano 02/ 9 P /U aci eth rate,
eruric aﬁ&cafp%? glslflg? \é'\P Ztéjﬁw?rrf élrﬁ%%fi%{ﬁ 1(519 meg (%l’t&é phyrin, and
pht hal OCMﬁgl'er‘& stlaf‘séxﬁﬁoﬁ@@é’t@r dasqeldethelPshonldesot praendtedetainpobitpard
incorporate thée atons found in the single crystal sem conductor filmnms to

be gr ownthelincoming fibnifounimgrspssies, unless desired), nor should they adversely affect
15 the physical or electronic properties of the subsequently formed single crystal
semiconductor film.

Other embodiments are within the scope of the claims.



5 the tenplate layers may incorporate atons that are different fromthe
atons of the single crystal sem conductor filnms. In general, the

i ncor por afvep2abein spaci ng should substantially match the da@atitdog@ozgonst ant
(or a multiple of the lattice constant) of the single crystal

sem conductor fidm The incorporated atons also should be chemcally
conpatible w th the depositing species so that the depositing atoms of the

single 10 crm rq:maﬂm&qs filmmy orient in proper relation to the
ordered array nucl eati.on sites defined by the incorporated atons. In

addi i on, &at0%$é§%ﬁr%?6ﬁ1§g 'aﬁ%ll oldgsthieamhib il Ayefilnt AW Honot

|nterferevm t he single trystal sem conductor film (e.g.
t hey 2shauystalliot sprfaoet ermpdsingosi tion of the i ncom ng filmformng
speci es, unless desired nor sho {5&' t{l}l‘g%q adyer affect is the Bhysi cal

or eBect r oni (lepPBIIEBIATEHIEROR-RHS q i‘/tefrBP WPHCATRAGURG A
sem on ts are wthin the scope of the clains.
%02%%1%8 Jﬁ%é%‘?%’%@gm%al S CLAIMED IS: 1 1. A nethod of formng
a si gl e cr ysfbghugeuh{emnngiamymrt]alfsem«mdwcttmlofimn Bndhy];sma}drysttelhsl&lrmltafa@l?
conpri si eposi.tin e non- crys alline surface a tenplate |ayer
fg(emﬁg r‘éﬂn

|ncor6por e gidergd g ugleaflonofiteSycl eation sites; and s formng the
single crystal sem conductor filmon the non-crystalline surface 6 from

the grdered array e plsehSRb Qlﬁlrﬁ'lt %erénzthe-[&%p@é hsdr ebmphBbsmA, wherein

the tenpl ate Tayer conprises an ordered array of organiC nolecules. 1 3.
The et hodextd ataauﬁ@:gawﬁmmﬂemuldse organi ¢ nol ecul es incorporate an 2
i norgani c speci es defini ng the ordered array of nucleation sites. 1 4. The

hod of cl 3, Wh '
Comanent s ot he THnGIeCAed JEralm o MBsAIE crent Mo & wRefdhit of -
clai m LinWhenk! dhche dSimphatite besd aFap of-ﬂﬂGlrétﬂldSn sites.

1 4, The method of claim 3, wherein the inorganic species comprises one or

2 more components of the single crystal semiconductor film.

1 5. The method of claim 1, wherein the template layer is a Langmuir-

2 Blodgett film.

1 6. The method of claim 1, wherein the template layer comprises a close-
2 packed matrix of polymerized organic monomers each incorporating one or more

3 silicon atoms, and the single crystal semiconductor film is an epitaxial silicon film.

1 7. The method of claim 1, wherein the template layer comprises one or

2 more monolayers.

1 8. The method of claim 1, further comprising processing the deposited

2 template layer to expose the ordered array of nucleation sites.

1 9. The method of claim 8, wherein the template layer is processed by

2 removing one or more volatile components of the template layer.

1 10.  The method of claim 8, wherein the template layer is processed by

2 heating.

10



2 Blodgett film 1 6. The nmethod of claim1, wherein the tenplate |ayer
conprises a close- 2 packed matrix of polynerized organi c nononers each

incorporavvimg/zgm or nore 3 silicon atons, and the singl e @rysoahoss?
sem conductor filmis an epitaxial silicon film 1 7. The nethod of claim

1, wherein the tenplate |ayer conprises one or 2 nore nonolayers. 1 8. The
met hod of claim 1, further conprising processing the deposited 2 tenplate

layef to expege t e%&ﬁb@%f%‘le{ﬁ}’l OfvhBietd aad fe@iplgletia§er & dpodin@l bplahod of
claim8, wherein the tenplate layer is processed by 2 renmpving one or nore

vol atil éangmpcrrﬁintlgetbﬁep@mtwermcbmse. | ayer. 1 10. The method of claim8,
wherein the tenplate |ayer is processed by 2 heating. 10 WD 02/22919

PCT/ USOl/ 293 The I ai. m yer is

depo i'ted byﬁ ZT% ?I'E‘Pfjn% E ?twﬁ‘sf&b% Iﬁ B\ﬁﬁbgﬁﬁe lgs’élhﬁ &e%gpllt%eyrér@t hod of
claim ley Iéﬁbﬂ_btaglgj H@%@jlﬁéﬁ pr@yegs, i s deposited by an 2 evaporation-based
deposi tion process The nmethod of claim1l, wherein the single crystal

sem conductor filmis 2 forned by a vapor phase deposition roceﬁ 1 14,
The et hod ofi3cl aﬂ"hﬁlnethﬁércélqlﬁlﬁh whatse the 5188k Cryela BGRIRGBHBRLOT Biss 2

for d | i d- stat process. 1 15. The nethod of claim
1, gélfﬁ“ﬁ@yélvﬁaf”ép ggé té‘?@ Esctor filmis 2 forned by a zone
mel ti ng recrystallizati on process. 1 16. The nmethod of claim1, further
conpii sing faoam ngha memodrofsdainl i pwheih dyesingleerrytta samitghductoy silml is
sem conductor fil nljdand depositing on the non 3 crystalline layer a second

t enp? at éommegreby RrFO ﬁé@tatcif}"rﬁa]élﬁaﬁ@ﬂiﬂ%%rray of nucleation 4 sites, and
form ng a second single crystal sem conductor filmfromthe ordered array

5 of nucl eatiign sifg g, & lNG FAGP1dwhermh #&sing¥erystal semiconductor film is

2 formed by a zone melting recrystallization process.

1 16.  The method of claim 1, further comprising forming a non-crystalline

2 layer over the single crystal semiconductor film, and depositing on the non-

3 crystalline layer a second template layer incorporating an ordered array of nucleation
4  sites, and forming a second single crystal semiconductor film from the ordered array

5 of nucleation sites of the second template layer.

1 17. A method of forming a single crystal semiconductor film on a non-

2 crystalline surface, comprising:

3 depositing on the non-crystalline surface a template layer comprising a

4  Langmuir-Blodgett film incorporating an inorganic species defining an ordered array

5  of nucleation sites;

6 processing the template layer to expose the ordered array of nucleation sites;
7 and
8 forming the single crystal semiconductor film on the non-crystalline surface

9 from the ordered array of nucleation sites.

1 18. The method of claim 17, wherein the template layer is deposited on the

2 non-crystalline surface by a Langmuir-Blodgett deposition precess.

11



1 17. A nmethod of formng a single crystal sem conductor filmon a non- 2
crystalline surface, conprising: 3 depositing on the non-crystalline
surface awigapphaive | ayer conprising a 4 Langmuir- Bl odgett gdthimo1/29382

i ncorporating an inorganic species defining an ordered array 5 of

nucl eation sites; 6 processing the tenplate |ayer to expose the ordered
array of nucleation sites; 7 and 8 formng the single crystal

sem gonduct orgof i | = alJy array
of mucl eati on st ¢ el QAR S HepnHE LA Blar Lo e R e

| ayee i swodepgstatlat aurfadecy an svaparatisndlabéeddepeaitiatprangsa Langnui r - Bl odget t
deposition process. 11 WO 02/22919 PCT/ US01/29382 1 19. The nethod of claim

17, wherein the tenplate |ayer i.s deposi.ted on.the non-crystaliline
surface by al%la_evad{c}? é‘iatle%"r?tﬁifggléﬂnﬁéﬁ rﬁl%aﬁ}qﬁlggg{steﬁ SSBUCHN c&?relaygt ed

Ci rcyi T £0,5REP ol BE RdSleAHrEayCoH Rl AbatRRIMEQIEIGEA DY &Y fray dffopgdraed from an
ordered array of nucleation sites defined by an array of organic 3

mol edul esoldtdpedisposed ovar aconcrysiabineilagen. ayer. 12
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