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AND METHOD OF MAKI NG SAME 5FI ELD OF THE | NVENTI ON The present

i nventi orworopenesal is related to light emtting and plrorwsedinaisyis
technol ogy and, in particular, is related to light emtting, photovoltaic
or other electronic apparatus and system and net hods of manufacturing a
light emtting, photovoltaic or other ‘€l ectronic apparatus or system 10
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20  using integrated circuit process steps. The resulting wafers or other substrates are then
packaged and assembled to create the photovoltaic panels. This is also a time consuming, labor
intensive and expensive process, resulting in photovoltaic devices which are also too expensive
for widespread use without being subsidized or without other governmental incentives.
Other methods of manufacturing photovoltaic devices are also being
25  developed. For example, Hammerbacher et al. U.S. Patent Publication No. 2008/0289688,
published November 27, 2008, entitled “Photovoltaic Apparatus Including Spherical
Semiconducting Particles”, and Hamakawa et al. U.S. Patent No. 6,706, 959, issued March 16,
2004 and entitled “Photovoltaic Apparatus and Mass Producing Apparatus for Mass Producing
Spherical Semiconducting Particles” disclose a method which initially uses spherical diodes
30 having a pn junction formed about the entire sphere, but then introduce manufacturing
problems by requiring corresponding micromachining of each individual diode to remove a
substantial section of the sphere and its pn junction, to form a recess into an inner, core portion.
What was initially a spherical diode is micromachined to become significantly or appreciably

aspherical, to create a substantially flat, recessed side having an exposed inner, core portion, in

35  order to access either an n-type (or equivalently, N-type) or p-type (or equivalently, P-type)
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contacts with the remaining (non-ablated), solid conductive layers preformed in the panel; the
30 creation of short circuits between conductive layers from the laser machining debris, etc., for
example and without limitation. In addition, this method and resulting apparatus is not useable
for creating addressable or dynamic LED displays.
With regard to light emitting devices, various other light emitting apparatus
and methods have been oriented toward increasing the amount of light actually emitted from

35  the light emitting device. For example, Lu U.S. Patent Application Publication 2007/0108459,
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situ as the device is being manufactured, rather than utilizing finished or packaged diodes (post-
25  manufacturing) which are then subsequently individually and separately placed into a product
in an additional manufacturing cycle. Exemplary inventive lensing structures of the
photovoltaic and/or LED-based lighting devices may also provide for mode coupling and a
wider angle of incidence or dispersion without separate tracking or other panel movement. The
exemplary inventive methods of manufacturing photovoltaic and/or LED-based lighting
30 devices provide for a significantly reduced cost of a finished product, further enabling the
widespread adoption of such energy-producing and energy-conserving devices.
In an exemplary embodiment, an apparatus comprises: a base comprising a
plurality of spaced-apart channels; a plurality of first conductors coupled to the base, each first

conductor in a corresponding channel of the plurality of spaced-apart channels; a plurality of

35  substantially spherical diodes coupled to the plurality of first conductors; a plurality of second
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For any of the various exemplary embodiments, the plurality of substantially
25 spherical diodes may be semiconductor light emitting diodes, organic light emitting diodes,
encapsulated organic light emitting diodes, polymer light emitting diodes, or photovoltaic
diodes. For example, the plurality of substantially spherical diodes may comprise gallium
nitride, gallium arsenide, or silicon.
In any of the various exemplary embodiments, a plurality of third conductors
30 may be coupled to the plurality of second conductors. The base may further comprise a
reflector or a refractor, such as a Bragg reflector or a reflective plastic or polyester coating. A
plurality of conductive vias may extend between a first side and a second side of the base and
correspondingly coupled at the first side to the plurality of first conductors. The base also may
further comprise a conductive backplane coupled to the plurality of conductive vias and

35  coupled to or integrated with the second side of the base. In various exemplary embodiments,
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conductive ink, a gold conductive ink, an aluminum conductive ink, a tin conductive ink, a
carbon conductive ink, a carbon nanotube polymer, or a conductive polymer. In other various
25  exemplary embodiments, the plurality of first conductors substantially comprise a sputtered,
coated, vapor deposited or clectroplated metal, metal alloy, or combination of metals, such as,
for example, aluminum, copper, silver, nickel, or gold.
The plurality of second conductors may comprise an optically transmissive
conductor or conductive compound suspended in a polymer, resin or other media. For
30  example, the plurality of second conductors may comprise at least one of the following
compounds suspended in a polymer, resin or other media: carbon nanotubes, antimony tin
oxide, indium tin oxide, or polyethylene-dioxithiophene.
In several exemplary embodiments, the plurality of lenses may comprise

borosilicate glass or polystyrene latex.



An exenpl ary apparatus or systemmay further conprise an interface for
insertion into a standardi zed |ighting socket, such as an interface
conpat i blwowntin3awsE 12, E 14, E26, E27, or GU 10 |i ght ipog/ust@ndasods or an
interface for insertion into a standard Edi son-type lighting socket, or an
interface for insertion into a standard fluorescent-type |ighting socket
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subst ant |fa$tlngdes phefractiah ahdths st rdywmardaang dtdastta sacomilrdsfferemduelex of refracti on
and the HQﬁ%H&I IH@Xl‘l(ng exemplary embodiments, the plurality of substantially optically resonant
diodes may be substantially spherical, substantially toroidal, or substantially cylindrical. Also
25 in various exemplary embodiments, the plurality of lenses may be substantially spherical,
hemispherical, faceted, elliptical, oblong, cubic, prismatic, trapezoidal, triangular, or pyramidal.
In various exemplary embodiments, the apparatus may be flexible, or foldable,
or creasable.
An exemplary system is also disclosed, comprising: an interface for insertion
30  into a standardized lighting socket; a base; at least one first conductor coupled to the base; a
plurality of substantially spherical diodes coupled to the at least one first conductor, the
plurality of substantially spherical diodes having a mean diameter greater than about twenty
(20) microns and less than about forty (40) microns; at least one insulator coupled to the

plurality of substantially spherical diodes; at least one second conductor coupled to the plurality

35  of substantially spherical diodes; and a plurality of substantially spherical lenses suspended in a
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30 conductor; at least one second conductor coupled to the plurality of diodes; and a plurality of

substantially spherical lenses suspended in a first polymer and coupled to the plurality of
diodes. In several exemplary embodiments, the plurality of substantially spherical lenses may
have at least a first index of refraction and the first polymer has at least a second, different

index of refraction.
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of first e(l:e%{}glﬂg &p% %quh an exemplary method comprising: forming a plurality of first
conductors coupled to a base; coupling a plurality of substantially spherical substrate particles
to the plurality of first conductors; subsequent to the coupling to the plurality of first
30 conductors, converting the plurality of substantially spherical substrate particles into a plurality
of substantially spherical diodes; and forming a plurality of second conductors coupled to the
plurality of substantially spherical diodes.
An exemplary method may further comprise depositing a plurality of

substantially spherical lenses suspended in a first polymer, and in various exemplary

35  embodiments, the plurality of substantially spherical lenses may have at least a first index of



further conprise depositing within the plurality of channels the plurality
of substantially spherical substrate particles suspended in a carrier
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of first co
substrate particles suspended in a reactive carrier medium; removing the reactive carrier

medium; and curing or re-curing the first conductive medium. In other various exemplary
embodiments, the step of coupling the plurality of substantially spherical substrate particles to
25  the plurality of first conductors may further comprise depositing within the plurality of
channels the plurality of substantially spherical substrate particles suspended in an anisotropic
conductive medium; and compressing the plurality of substantially spherical substrate particles
suspended in the anisotropic conductive medium. In other various exemplary embodiments,
the step of coupling the plurality of substantially spherical substrate particles to the plurality of
30 first conductors may further comprise depositing within the plurality of channels the plurality
of substantially spherical substrate particles suspended in a volatile carrier medium; and
evaporating the volatile carrier medium. In yet other various exemplary embodiments, the step
of coupling the plurality of substantially spherical substrate particles to the plurality of first
conductors may further comprise depositing within the plurality of channels the plurality of

35  substantially spherical substrate particles suspended in a carrier medium; and annealing or
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converting the plurality of substantially spherical substrate particles into the plurality of
25 substantially spherical diodes may further comprise depositing a second organic or polymer
compound onto the plurality of substantially spherical substrate particles.
An exemplary method embodiment may further comprise depositing a plurality
of third conductors over or within the plurality of second conductors; or coupling a reflector or
a refractor to the base, such as a Bragg reflector or a reflective plastic or polyester coating; or
30  attaching an interface for insertion into a standardized lighting socket.
An exemplary method embodiment may further comprise depositing a plurality
of inorganic dielectric particles suspended with a photoinitiator compound in a second polymer
or resin to form a plurality of insulators correspondingly coupled to each of the plurality of

substantially spherical diodes.



the plurality of substantially spherical diodes. In several exenplary
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comblnation of metals, such as aluminum?/copper, silver, nickel, or gold.

Another exemplary method of manufacturing a light emitting electronic
apparatus is disclosed, with the exemplary method comprising: forming at least one first
conductor coupled to a base; coupling a plurality of substantially spherical substrate particles to

30 the at least one first conductor; subsequent to the coupling to the at least one first conductor,
converting the plurality of substantially spherical substrate particles into a plurality of
substantially spherical light emitting diodes, the plurality of substantially spherical light
emitting diodes having a mean diameter greater than about twenty (20) microns and less than

about forty (40) microns; forming at least one second conductor coupled to the plurality of

35  substantially spherical light emitting diodes; depositing a plurality of substantially spherical



substantially spherical substrate particles into a plurality of
substantially spherical diodes, about fifteen percent to fifty-five percent
of a surfwoeonfo3emsh di ode of substantially all of the pCunskemwpsssis
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pol ymer, qgh puelrla |[§Xpa¥m Uﬁ‘g%fﬁr ya?d%“%%ﬁ%{yiS@%Irchllgen§eS%a¥11H§Qﬁeaga | east a
first index m):fex pérfeframtonalmtaﬂdolyme hpvihg/mécasmbmg dffercgastex af E&md,

di fferent e C e cturing an
el ectroni cﬂegegpge(lrrag{) l(.)lé %{5% dtlén?eltesf 8@9%131%%%35%12% Q@F@JPBQ# Q’TS? g%lnduct ors
coupl ed tdiangetdvasthe phioipl cpfrsgbsaanpzillyrsaharlkzgl light @rutusg diatle 1qola:rtw<veolab®t teo t¢d he

pl urality plurality
of fi rst nglgulgtm?)&r %Voqggﬁev i |aiﬁ%§%2§18% u@f’fffg(f Segtﬁ%rs%{lt? g? tgﬁ(%é&rl hIﬁcl es into a
pl ural i t Jlighfinghoddes; formng a plurality of second conductors coupled to
the plurality of di e i fi | ur al i : tially
spherical |enses su’gn%g%{je)%& lrailgyalggﬁé&s(%f%%g ?ﬁ%ﬁ%gaﬂnﬁge\é%?%? %Ilb%t%g%f

25subst antischkédyand porapriscal fomanmgs@deabtane figt edndh@asburded to |a$>tasei cvaiphngof

refractlon d f|r e |fferent i ndex
of 1 of r adtrany of Wi AL R A b A aNRiChe hERIasRuE BER Rl 'O %G oces
may bi® subbtaueni taltheycogpmeta thaht 1easubstfmmcd>ra1h¢tyr, tcmvontld@thp plmathl&st dnti ally
cylindrica I nt ctan

substanti a%ﬁ'tanﬁ Blsﬁjﬁé}%!?ﬂasg% St lt%lhgg?lt e@ Ilr%%?' Okgb t nf'{?ﬁy éq% i &0 es’p%)glllttl ng may
further cfcftwpm psenpwifiityifig pt:lhelt pf ajwaﬂacem,f ean‘h d@Qsﬂbe mbstmaiallyalB@fstpﬂduuabfal | enses
suspended i rt I i i t he

pl ural i tdOf &S%Etgaélﬁaﬁ%%ﬁaggcﬁgﬁ{wﬁg gpeneﬂgtm% lyye@rt&%%nglg%glrg%ggi nn% If!)glr y met hod of
manuf act wlarrmgonadmpmt @mthcmmalna}gpm@tsutstramhpmmconﬂmammcaamerloemntone first
condugt or rali S t icles to
tho ap | daihEuTel e SR EnaRYRbIRS BuRMr A bk RianBHRDRALA RREL'

| east 350mé dépopighg Tplndlittad sqbstamtmlfl& B}Dhengal tdnees phsperaled tny elynsulibt plak ety

ticl I i f , d
Conduct o RO R Bl Fr okt P o itk ol BFRYDEafL BFhe Ces: ana

deposi ti d@vmgpﬂlﬁﬁsm sietqzlldocﬂiffsmmgn®mDf@ﬁhqiospher| cal I enses suspended in a

first polyner, whergin .t %‘%?glﬁwl%%th‘g%f% 35%%?%%; rgl*l 9@ rigal |enses have

at least a first index o raction an pol ymer has at
| east20a sewpngs: ﬂxrrhinglaehlralitsnd‘ékst@f)nduetbrsa:ouplam abyeotdoplingexeurplitacy net hod

enbod ”e%bs}rg{e %H%@Iéa{%‘%@ ggj{{g{&ﬁl%%?ﬁ | &% ﬁc?d?é Sl ?@%&% i 8 &Elg%%gﬁ%é‘lgl%ﬁt and

conpri ses: IrTs on coupl
of first conductors converting the plurality of substrate particles into a plurahty of diodes;

forming a plurality of second conductors coupled to the plurality of diodes; and depositing a
plurality of substantially spherical lenses suspended in a first polymer, the plurality of
25  substantially spherical lenses having at least a first index of refraction and the first polymer
having at least a second, different index of refraction. In several exemplary embodiments, the
plurality of diodes may be substantially spherical, substantially toroidal, substantially
cylindrical, substantially faceted, substantially rectangular, substantially flat, or substantially
elliptical. The step of depositing may further comprise printing the plurality of substantially
30 spherical lenses suspended in the first polymer over the plurality of diodes and the plurality of
second conductors.
Yet another exemplary method of manufacturing an electronic apparatus
comprises: forming at least one first conductor coupled to a base; coupling a plurality of
substrate particles to the at least one first conductor; subsequent to the coupling to the at least

35  one first conductor, converting the plurality of substrate particles into a plurality of diodes;



coupling a plurality of substrate particles to the at |east one first
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depositing a second conductive medium to form a plurality of second conductors coupled to the
plurality of semiconductor diodes; and depositing a plurality of lenses suspended in a first
polymer over the plurality of diodes. For example, the deposition steps may further comprise at
least one of the following types of deposition: printing, coating, rolling, spraying, layering,

25 sputtering, lamination, screen printing, inkjet printing, electro-optical printing, electroink
printing, photoresist printing, thermal printing, laser jet printing, magnetic printing, pad
printing, flexographic printing, hybrid offset lithography, or Gravure printing. Also for
example, the step of depositing the first conductive medium may further comprise coating the
plurality of channels with the first conductive medium and removing excess first conductive

30 medium by scraping a first surface of the base using a doctor blade, and similarly, the step of
depositing the plurality of semiconductor substrate particles may further comprise coating the
plurality of channels with the plurality of semiconductor substrate particles suspended in a
carrier medium and removing excess plurality of spherical substrate particles by scraping a first

surface of the base using a doctor blade.
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plurality of substantially spherical diodes, the plurality of substantially spherical lenses having
25 at least a first index of refraction and the first polymer having at least a second, different index
of refraction.

Numerous other advantages and features of the present invention will become
readily apparent from the following detailed description of the invention and the embodiments
thereof, from the claims and from the accompanying drawings.

30
BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features and advantages of the present invention will be more
readily appreciated upon reference to the following disclosure when considered in conjunction
with the accompanying drawings, wherein like reference numerals are used to identify identical

35  components in the various views, and wherein reference numerals with alphabetic characters



Figure (or "FIG") 1 is a perspective view of an exenplary base for an
appar at us enbodi nent in accordance with the teachings of the present
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exenpl ary base for an apparatus enbodi nent in accordance with the teachings
of the present invention. igure (or "FIG") 3 is a
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in accordance with the teachings of the present invention. Figure (or
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Figure (or “FIG.”) 8 is a cross-sectional view of a fifth exemplary base with a

20 plurality of first conductors for an apparatus embodiment in accordance with the teachings of
the present invention.

Figure (or “FIG.”) 9 is a cross-sectional view of a sixth exemplary base with a
plurality of first conductors for an apparatus embodiment in accordance with the teachings of
the present invention.

25 Figure (or “FIG.”) 10 is a cross-sectional view of a sixth exemplary base with a
plurality of first conductors for an apparatus embodiment in accordance with the teachings of
the present invention.

Figure (or “FIG.”) 11 is a perspective view of an exemplary base with a
plurality of first conductors and a plurality of substrate particles for an apparatus embodiment

30 in accordance with the teachings of the present invention.

Figure (or “FIG.”) 12 is a cross-sectional view of the fifth exemplary base with
a plurality of first conductors and a plurality of substrate particles for an apparatus embodiment
in accordance with the teachings of the present invention.

Figure (or “FIG.”) 13 is a lateral view of the fifth exemplary base with the

35  plurality of substrate particles passing through compressive rollers for an optional step in an



35plurality of substrate particles passing through conpressive rollers for
an optional step in an - 16 - exenplary nethod of form ng an apparatus
enbodi mrenwoizntizasemsdance with the teachi ngs of the present/usaventsons.
Figure (or "FIG") 14 is a cross-sectional view of the fifth exenplary base
with a plurality of first conductors ?%ld a plurality of diodes for an

appar at us enbodi nent in 5accordance with the teachings of the present

i nvention. Figure (or "FIG") 15 is a cross-sectional view of

the fifth_ex | ar wi t h L uralit. ft fir onduct ors. an
ol ar al 1y SHAED b Rt bl o BBy Rbldiboflin LRI E R LRI, |
t eachi ngoretnttihentgpmesent i nvention. Figure (or "FIG") 16 is a perspective

view of an exenpl ary, page-Hch 12 LORLULALLEY 81 of Ik Hin SOAHNEL BES v
plurality of diodes,“and a pl uraflty of I'Asul’ators for an appar at us

enbodi nentpliralitaotisdandeton dnd atphealtteafochedeg ®r affi afiphetus eebatimentm/ent i on.

Figure (aor "Fl G " LS. - i view of the fifth exenplary base
W th g plaﬁ?oéﬁn%ngl%aﬁfzferag}lggé%%%gi{egegﬁmgﬂg%{luraI ity of diodes, and a
plurality of insul dignrs(of0flGin 1apparat-sstiermboidvwe it fifth caagdargdbmeeithi t h t he
t eachi ngs, of th Lnventt on, - "FlLG ) LS a

per spect i gur(a}llﬁ%\?vf%%{ecz)ﬁg%ggégr}%ﬁgrp ;u?ﬂg%ééﬁ(gﬁfoga%?@? a u|St§1§l}b oq‘n%gl}t Flgt conductors,
a pl ur al igcgordincdwldehs teachips wf thk ipteyenvfinvémouol at ors, and a plurality of second

conductors for an [ e i.ment L.n o ance wi th the teachings of
the present invent iafggu?e é?;%? é’i?gfs a,’}%sbfquye %gwi%ggnaexglr%%% -bsaseec‘?“?hoanal vi ew of
t he fliof t plexlgppf @stycobds®raw phira2i@eofpliadeshnd aplahlity iof gibuleton derch epsrata

Conduct o SepSeBF TicoBe e M docllogt PR AL S " L1 The 1 eachi ngs o
t he present i nvent itogure for OiKIGE’) (DIs 2 'crdsGsecjioview o the ffifth sxanaddry bmvawithi ew of
of i odeg, AT it RFRE hPIRLMAAL ol el b FRUBHE R el Oy o
and an erandsiliventinyeprdhor vath thppahakust thafredntmeyentipm accor dance with the
teac hIiSngS of the prﬁgu%]%or l‘ﬂY}er)ltlg %ré'perspective view of an exemplary base with a
plurality of first conductors, a plurality of diodes, a plurality of insulators, and a plurality of
second conductors for an apparatus embodiment in accordance with the teachings of the present
invention.
Figure (or “FIG.”) 19 is a cross-sectional view of the fifth exemplary base with
20 aplurality of first conductors, a plurality of diodes, a plurality of insulators, and a plurality of
second conductors for an apparatus embodiment in accordance with the teachings of the present
invention.
Figure (or “FIG.”) 20 is a cross-sectional view of the fifth exemplary base with
a plurality of first conductors, a plurality of diodes, a plurality of insulators, a plurality of
25  second conductors, and an emissive layer for an apparatus embodiment in accordance with the
teachings of the present invention.
Figure (or “FIG.”) 21 is a perspective view of an exemplary base with a
plurality of first conductors, a plurality of diodes, a plurality of second conductors, and a
plurality of lenses suspended in a polymer for an apparatus embodiment in accordance with the
30 teachings of the present invention.
Figure (or “FIG.”) 22 is a cross-sectional view of the fifth exemplary base with
a plurality of first conductors, a plurality of diodes, a plurality of insulators, a plurality of
second conductors, a plurality of third conductors, and a plurality of lenses suspended in a

polymer for an apparatus embodiment in accordance with the teachings of the present

35 invention.



Figure (or "FIG") 21 is a perspective view of an exenplary base with a
plurality of first conductors, a plurality of diodes, a plurality of second
conduct orwp 2anich3a00pl ural ity of | enses suspended in a polPgmaIS2610/0489ms

appar atus enbodi rent in accordance with the 30teachi ngs of the present
invention. Figure (or "FIG") 22 is a gross-secti onal view of the fifth
exenpl ary base with a plurality of f 76t conductors, a plurality of diodes,
a plurality of insulators, a pl urality of second conductors a plurality of
third conductors lur-a. enses s for an
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plurali t;embbdllrremsegccswsmwdédha taachingobftheprefearinemtiappar at us enbodi nent i n
accordance with th 1nv i E r "FIG™")
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"FIG") 25 J.5,8 perspective view of an exenplary eighth base for an

apparat us enbodi nent in accordance with the teachings of the present
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pl ural i t ywooducfors; sitd aqdwrdlitg Lothg( cendpttoms &lriah yprafatsichdd dmentah hOporfdaJ@emeﬂi di odes,
a plugali urality of second conductors, and a

plura |t ihe/ ng)cﬁiﬁllg?g“ é}rg%c%lgr%gﬁ{?or an apparatus enbodi nent in accordance
with t he t eachi ngs fagur¢ tve “FIGES @Nis & cnsendctioml V@@Iélfglarﬁ@h(emmplﬁy Gstwith8 is a
perspect i) W l.ary. b i 1. r | st conductors,
a plurali tpefur;{lﬁ f@JSttC%ﬁ?ufé%?%pe a?ﬁl p(?f\i%gbas n%gltya% Hd k4 Bg&aht (gfld a plurality
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cross-sectl VI ew o the it ase w
20 Figure (or “FIG.”) 28 is a perspectlve view of an exemplary base with a

plurality of first conductors, a plurality of substantially elliptical (or oblong) diodes, and a
plurality of second conductors for an apparatus embodiment in accordance with the teachings
of the present invention.
Figure (or “FIG.”) 29 is a cross-sectional view of the fifth exemplary base with
25 aplurality of first conductors, a plurality of substantially elliptical (or oblong) diodes, a
plurality of insulators, and a plurality of second conductors for an apparatus embodiment in
accordance with the teachings of the present invention.
Figure (or “FIG.”) 30 is a perspective view of an exemplary base with a
plurality of first conductors, a plurality of substantially irregular diodes, a plurality of
30 insulators, a plurality of second conductors, and a plurality of lenses suspended in a polymer for
an apparatus embodiment in accordance with the teachings of the present invention.
Figure (or “FIG.”) 31 is a cross-sectional view of the fifth exemplary base with
a plurality of first conductors, a plurality of substantially irregular diodes, a plurality of
insulators, a plurality of second conductors, and a plurality of lenses suspended in a polymer for

35  an apparatus embodiment in accordance with the teachings of the present invention.



25a plurality of first conductors, a plurality of substantially elliptical
(or oblong) diodes, a plurality of insulators, and a plurality of second
conduct orwofori/amoappar at us enbodi nent in accordance w POTiUseowmardms ngs of
the present invention. Figure (or "FIG") 30 is a perspective
view of an exenplary base with a plur %i ty of first conductors, a plurality
of substantially irregul ar di odes, a'g urality of 30insulators, a plurality
of second conductors, and a pIuraIity of | enses suspended in a polynmer for
an appar at us enbodi nce wi.th .th hi n resent

i nvention. queuré ?‘—)I ureé ?E %%"p%f&qwe ‘élglwgfgﬁ%gre)oes i oﬁtgle vi ew of

t he fift hplexlgppf mwob@swrw phradiltypdfmul&tantlgllyophehmlsﬁodcsgmdlmthofr@ a plurality
OF SUDSt ML X LM 8o 05 ML bty Ol O g B 2l 1LY
35an appdemtussendeddn mymérrfomcaopazlaumenbmmnt mecdoebmm wngsthofeacthhgs pr esent
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first conductor, a first conductor (or conductive) adhesive layer, a plurality of substrate

25  particles, and an insulator for an apparatus embodiment in accordance with the teachings of the
present invention.

Figure (or “FIG.”) 38 is a cross-sectional view of the ninth exemplary base
with a first conductor, a first conductor adhesive layer, a plurality of substrate particles, and an
insulator for an apparatus embodiment in accordance with the teachings of the present

30 invention.

Figure (or “FIG.”) 39 is a perspective view of a ninth exemplary base with a
first conductor, a first conductor (or conductive) adhesive layer, a plurality of diodes formed
using a deposited substrate (or semiconductor) layer or region over a plurality of substrate

particles, an insulator, a second conductor, and a plurality of lenses (suspended in a polymer



present invention. Figure (or "FIG") 38 is a cross-sectiona
view of the ninth exenplary base with a first conductor, a first conductor
adhesi ve wayer1/03a00pl ural ity of substrate particles, andpam/usesiloatoas for an
appar atus enbodi rent in accordance with the teachings of the present
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wi th the teachings e iLhv ion.. . Figure (or "FIG™")
43 is a flow chart P?%T%Q?r@ﬁﬁg%s arlr)é C%@%flgfe)a lgléﬁtr%%%asieﬂong%%%ance with the
t eachi ngsnbbditket ipr@seiabceiwithant e@hingd & tBETAlchED BDESCRI PTI ON OF EXEMPLARY
EMBODI MENTS . i-l-e esent . I i i bl e of
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wi || be destdanbeditihte edachings ofitht aickens peeition.c exenpl ary enbodi nents t her eof ,
wi th the understanding that the present disclosure is to be 20 considered
as an exenplification of the principles of the invention and is not

i ntended to |i m DETASLER\DHNGRIRTION (HEEXBMPALIARY EMBOIPIMENES| | | ustrated. In

present 1 aventi on | P iaRan ot o) £SRLeRRE FERGHTERL ARSI, on 1o
not | i m tfeahsi theictes shpph inglt drawmingoantl ivell Hedadritsd bércioanddttFiptdiin and to t he
G s ngs Ry cBTRARATHS S o A Rt R LR el
consi Mt ervonwdardul as e cxprps Bention pitbnprinoiplanéthe apairios aod isobhietended to limit
the invention to the specific embodiments illustrated. In this respect, before explaining at least
one embodiment consistent with the present invention in detail, it is to be understood that the
invention is not limited in its application to the details of construction and to the arrangements
of components set forth above and below, illustrated in the drawings, or as described in the
25  examples. Methods and apparatuses consistent with the present invention are capable of other
embodiments and of being practiced and carried out in various ways. Also, it is to be
understood that the phraseology and terminology employed herein, as well as the abstract
included below, are for the purposes of description and should not be regarded as limiting.
For selected embodiments, the invention disclosed herein is related to United
30  States Patent Application Serial No. 11/756,616, filed May 31, 2007, inventors William
Johnstone Ray et al., entitled “Method of Manufacturing Addressable and Static Electronic
Displays” and to United States Patent Application Serial No. 11/756,619, filed May 31, 2007,
inventors William Johnstone Ray et al., entitled “Addressable or Static Light Emitting or

Electronic Apparatus” (the “related applications”), which are commonly assigned herewith, the
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any cavities, channels or grooves 105 within their corresponding bases 100; (2) the shape of the

25 substrate (or semiconductor) particles 120 and/or lenses 150; (3) having single layers of
conductors and insulators, rather than pluralities; (4) inclusion of integrally formed or other
conductive vias 280, 285; (5) inclusion of a backplane 290; (6) deposition methods utilized to
create the corresponding apparatuses; etc. Further, apparatuses 200A, 300A, 400A, 500A,
600A, 700A, differ from apparatuses 200B, 300B, 400B, 500B, 600B, 700B insofar as

30 incorporated diodes 155 are light emitting diodes for apparatuses 200A, 300A, 400A, 500A,
600A, 700A and photovoltaic diodes for apparatuses 200B, 300B, 400B, 500B, 600B, 700B,
also as discussed in greater detail below. Otherwise, any reference to any feature or element of
any of an apparatus 200, 300, 400, 500, 600 and/or 700 should be understood to be equally
applicable to any of the other apparatus 200, 300, 400, 500, 600 and/or 700 embodiments,

35  individually and/or with combinations of such features or elements, such that any apparatus
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limitation square, rectangular, curvilinear, wavy, irregular, differently sized, etc., with
additional exemplary shapes of cavities, channels or grooves 105 illustrated in other Figures
and discussed below. The plurality of cavities, channels or grooves 105 are spaced-apart, and as
30 illustrated separated from each other by the ridges (peaks, raised portions or crests) 115, and
will be utilized to shape and define a plurality of first conductors 110 for selected
embodiments, as discussed below. While the cavities or channels 105 are illustrated in FIG. 1
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having skill in the art will recognize that innumerable variations are available, including depth

35  and width of the channels, channel direction or orientation (e.g., circular, elliptical, curvilinear,
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first exemplary embodiment, a base 100, 100A, 100B, 100C, 100D, 100E, 100F, 100G, 100H
may be selected which provides a degree of electrical insulation (i.e., has a dielectric constant
or insulating properties sufficient to provide electrical insulation of the one or more first
conductors 110 deposited or applied on a first (front) side of the base 100 (including 100A,

30 100B, 100C, 100D, 100E, 100F, 100G and/or 100H), either electrical insulation from each

other or from other apparatus or system components. For example, while comparatively
expensive choices, a glass sheet or a silicon wafer also could be utilized as a base 100, 100A,
100B, 100C, 100D, 100E, 100F, 100G, 100H. In other exemplary embodiments, however, a
plastic sheet or a plastic-coated paper product is utilized to form the base 100, 100A, 100B,

35 100C, 100D, 100E, 100F, 100G, 100H such as the patent stock and 100 Ib. cover stock
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30 Referring to FIG. 4, a third exemplary base 100B further comprises a reflective
coating 270, such as an aluminum or silver coated polyester or plastic, for example, which may
be integrally formed as part of third exemplary base 100B, or which may be deposited over
another material, such as a base 100, to form a third exemplary base 100B. The reflective
coating 270 is also utilized to reflect incident light either back toward the cavities, channels or

35  grooves 105 (and any incorporated diodes 155, discussed below, such as for photovoltaic
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(back) side or surface of the base 100 with a conductive ink or polymer, such as the exemplary

conductive inks or polymers described below. As illustrated, either or both a plurality of
conductive vias 280 (and/or conductive vias 285) and/or a conductive backplane 290 may be

25  formed from any conductive substance of any kind or type, such as a metal, a conductive ink or
polymer, or various other conductive materials, such as carbon or carbon nanotubes, including
any of the materials which may comprise the first, second and/or third conductors (110, 140,
145, respectively) described below, for example and without limitation. The conductive vias
280 (and/or conductive vias 285) are utilized to couple, connect, and otherwise conduct to

30  and/or from the one or more first conductors 110 (discussed below). The conductive backplane
290 provides a convenient electrical coupling or connection between the conductive vias 280,
285 and other system (350, 375) components, and may also function as an electrode, for
example, to apply a voltage or current to the apparatus 200, 300, 400, 500, 600, 700 or to
receive a voltage or current generated by the apparatus 200, 300, 400, 500, 600, 700. In other

35  exemplary embodiments, separate wires, leads or other connections may be provided to each,
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then applied or deposited (on a first side or surface of the base 100) within the corresponding

25 plurality of cavities, channels or grooves 105, or over all or part of the first surface or side or
the base 100, such as through a printing process. FIG. 6 is a perspective view of an exemplary
base 100, 100A, 100B, 100C, 100D with a plurality of first conductors 110 for an apparatus
embodiment in accordance with the teachings of the present invention. FIG. 7 is a cross-
sectional view (through the 30-30’ plane) of an exemplary base 100 with a plurality of first

30 conductors 110 for an apparatus embodiment in accordance with the teachings of the present
invention. FIG. 8 is a cross-sectional view (through the 30-30’ plane) of a exemplary base
100D with a plurality of first conductors 110 for an apparatus embodiment in accordance with
the teachings of the present invention. As mentioned above, exemplary base 100D further

comprises cavities, channels or grooves 105 (which are illustrated in FIG. 8 as partially filled
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35  conductive vias 280, 285, conductive backplane 290, second conductors 140 and/or third
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35  valleys (cavities, channels or grooves 105), generally having a substantially parallel orientation
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conductors 145. Such printing may be performed as a separate manufacturing step discussed
below.

25 For example, a conductive ink may be coated or otherwise deposited in excess
over the entire or most of the first side or surface of the base 100, 100A, 100B, 100C, 100D,
100E, 100F, 100G, with the excess conductive ink subsequently removed using a “doctor
blade” or other type of scraping as known in the printing arts, followed by uv curing of the
conductive ink within the plurality of cavities, channels or grooves 105. Using such a doctor

30 blade, the conductive ink within the plurality of cavities, channels or grooves 105 is allowed to
remain in place, with the balance of the conductive ink (such as covering the non-channel
portions of the base (crests or raised portions 115) being removed by the scraping process, such
as due to contact from the doctor blade. Depending upon the type of printing, including the
stiffness of the doctor blade and the applied pressure, the conductive ink may form a meniscus

35  within each of the plurality of cavities, channels or grooves 105 or may bow upward instead,
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be desuable. In addition, the various compounds utilized may be contained within various

polymers, binders or other dispersion agents which may be heat-cured or dried, air dried under
ambient conditions, or uv cured, for example, and all such variations are within the scope of the
present invention.

30 A particular advantage of use of a base 100, 100A, 100B, 100C, 100D, 100E,
100F, 100G having a plurality of cavities 105 is that printing registration is not required to be
exact, and a one-dimensional or relative registration may be sufficient for the successive
applications of the different materials and layers forming the apparatus 200, 300, 400, 500, 600
and/or 700.
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25 FIG. 9 is a cross-sectional view of a sixth exemplary base 100G with a
plurality of first conductors 110 for an apparatus embodiment in accordance with the teachings
of the present invention. FIG. 10 is a cross-sectional view (through the 31 — 31’ plane) of the
sixth exemplary base 100G with a plurality of first conductors 110 for an apparatus
embodiment in accordance with the teachings of the present invention. The sixth exemplary

30 base 100G differs from the other exemplary bases 100 — 100F insofar as the sixth exemplary
base 100G also comprises a plurality of integrally formed projections or supports (equivalently,
extensions, protrusions, protuberances, etc.) 245 and a plurality of integrally formed conductive
vias 285 (as a variation of the vias 280). As illustrated, each of the projections (or supports)
245 are continuous and extend as a solid, raised rail down the entire length of the channel 105;

35  in other embodiments not separately illustrated, the projections (or supports) 245 may be
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without affecting the remaining conductor deposited within the channels 105. When the
selected conductor is aluminum, the first conductors 110 are also significantly reflective and
capable of functioning as a reflective or mirror coating, in addition to providing conductance.
30 As discussed in greater detail below with reference to FIGs. 11, 12 and 33, the
projections (or supports) 245 serve to elevate (or support) a plurality of substrate particles 120
above the bottom or remaining portion of the channel 105. As the plurality of substrate
particles 120 are suspended in a carrier (liquid or gel, for example) for deposition within the
channels 105, the elevation by the projections 245 provides for physically supporting and/or
35  separating the plurality of substrate particles 120 from the suspending carrier (which at least
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35  ohmic contact 265 with a corresponding first conductor 110.
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embodiment, for example and without limitation, the plurality of substrate particles 120 are

30 suspended in deionized water as a carrier, with water soluble thickeners such as methyl
cellulose, guar gum or fumed silica (such as Cabosil), may also utilize a surfactant or flow aid
such as octanol, methanol, isopropanol, or deionized octanol or isopropanol, and may also use a
binder such as an anisotropic conductive binder containing substantially or comparatively small
nickel beads (e.g., 1 micron) (which provides conduction after compression and curing (as

35  discussed below) and may serve to improve or enhance creation of ohmic contact 265, for
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in an ap OXI mol ar trow I sopropan
conductors 110 then become partially dissolved or uncured, the plurahty of substrate particles

120 may become slightly or partially embedded within the one or more first conductors 110,
also helping to form an ohmic contact 265, and creating a “chemical bonding” or “chemical
coupling” between the plurality of substrate particles 120 and the one or more first conductors
30 110. As the dissolving or reactive agent dissipates, such as through evaporation, the plurality
of first conductors 110 re-hardens (or re-cures) in substantial contact with the plurality of
substrate particles 120. An exemplary dissolving or reactive agent, for example and without
limitation, is proplyene glycol monomethyl ether acetate (CsH12.05) (sold by Eastman under the
name “PM Acetate”), used in an approximately 1:8 molar ratio (or 22:78 by weight) with

35  isopropyl alcohol (or isopropanol) to form the suspending medium for the plurality of substrate
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anor phous i , ui r ¢ crystal
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tol ErANCER lude any inorganic or organic semiconductor, energy emitting, energy absorbing, light

emitting, photovoltaic, or other electronic material, and any and all such elements, compounds,
mixtures and/or suspensions are within the scope of the claimed invention.
In FIGs. 11 — 24 and 32 — 40, the substrate particles 120 are illustrated as being

substantially spherical. In addition, while the substrate particles 120 (and diodes 155 and

30 lenses 150) are or may be referred to as “spherical” for one or more exemplary embodiments, it
should be understood that as used herein, “spherical” means and includes “substantially
spherical”, i.e., substantially or mostly spherical to the extent of being within a predetermined
or other selected variance, tolerance or other specification, as virtually no actual object is
perfectly spherical in a theoretical or textbook sense. For example and without limitation, the

35  various spherical particles (substrate particles, diodes, lenses) utilized in the exemplary
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effici _enC| es of | i ghtvar'B0eertepypiary énﬂrodllidiitsayhpblumtyl erssl)str@tc poGeiverdiagn of
: :,]gctar: ghgbsgﬁl?eﬁﬁr!:ocfl%rteﬂngsagMntgf QII;GSF(ETQ gldﬁ)odg usgﬁits %2%?‘)81' %eéa}}lt i cles 120
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stbst ant ISP e SRRl plERLE oF Qo 35, A R ioad S S R oney
cyl i mdr i cdkbat 10-dtimghap édy), @@Xammwhwhumnadeeabﬂsea‘rmﬂme(@yt)mlelsmﬂl vidual Iy and
col | ecti flotiaach oL i A SHESADL Al QLT ahbdr dasgnant” di odes 155
and/ or sem-conduct or or s}tl) Artr C aadi a plurality
3}1 sEbst rea}ibedlpfntt the Idwsiesllza awaythalrwe bﬁjgbseﬂZéeltOfnicmns (@les,i @Qé@t et@nlbi?\ég a shape
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- 31, forhaeddmgpf the atﬂndtrw pzhmks alsalgrmla,teinmmssel?@rheebhamwh@rmg mdietded substrate

particles la]cglgerg%)"eagﬁpé{*ﬁcﬁg %O 119 Iélddltlon also as discussed in greater detail below, the very
small size of the resulting diodes 155 is especially advantageous, providing an increased
amount of a (pn) junction per amount of substrate material, enabling higher efficiencies of light
30 output (for LED applications) or conversion of light into electrical energy (for photovoltaic
applications).
In various exemplary embodiments, the plurality of substrate particles 120 are
selected or designed to have a shape which facilitates or creates optical resonance at one or
more selected frequencies, such as substantially spherical, substantially toroidal (or ring)

35  shaped, cylindrical or rod shaped, etc., and which are referred to individually and collectively



light em ssion. Also for exanple, a substantially rectangular or
substantially flat substrate 10particles 120, such as the shape and size of
a prior awbD2tionBv®at i onal diode, may al so be utilized i rCTalSecadsexenpl ary
enbodi nents. In addition, the plurality of substrate particles 120 may have
any of nyriad sizes and shapes, with 3 variety of sizes utilized, such as
to provide em ssion, absorption or op {tal resonance at a plurality of
wavel engt hs of light or other electromagnetic (EM waves. For exanple and

Wi t hout hlergl tagl[,] spal’n 1a1f§1 ogﬂca?lyer%Pon? ¥ dﬁ)gesrﬁtgggn(m)s n%:rhlc%n(ﬁctgy ?rsst 65%%1‘[% particles

120 are subs 'napre erance) and in a
range of maboles 120 Iﬁ@ddnlcmc oplsralignd smmtranparmlksylm may labso basedpetedfor about 25 40

8{ i F?zgg %gﬁeﬁni}éag “hé :E} )é‘ié’gﬁl aa%ﬂﬁgp%?%?%ﬁngn (gllrtﬁe uraﬁ%A?leﬁgeems ) to be a

p or p+ (sediscussddempieyterdefadivelod. to as P or P+) sem conductor, to facilitate

form gg corr eSpondIIQ%th ﬂ{:ﬁ%@%@%& ems tﬂe %lurgh‘&%fsu% aq-:p a?tlcl% I’1§6 mfl%r red to

20conductors 110. equi val ent
as N or Naye aziqu;ahetped wébmlsadusloasrfwteldeobmngl(ﬂhwutal) @hbsgne@ilyabctangtﬂer,est it

houl d b t th
:uggen di ﬁugs?an?g l}rt rgﬁ% ot‘r g&b@tﬁﬁtlaﬁléﬁgelgéﬁf's (? Q%LH%I a ﬁ{nstran %dpll’l ?’I(?sa%é Ogi;] g&no t require
any proc e:ssmpig angt widhrout lonltkelpms iFoi erxgmplhefme@deubstrhte pmtleles)IZOnmy@efuserﬁﬂtfor
conduct o rl%ﬁtl e]flglfswn Aq ?XaI%EI]bS suB%tan%éﬁ r liec C]ilge ?a’r irz%lg‘gapn%aﬁ Hat sgorsgé)[\e/ es 105. For

exanpl e, urarit ra require any
m cr alifac mamchrg 1203 smx:lhangle shape rd Siearbe poor atocaxpoior! divtlemagrlspoe tiloné, in

sharp co In hi.g point in
the pr ocgl;sl sé’ilesc d ent’ég?grx Q&gér)f{nél%%%rlgtagdsltl?n?% pluﬁadﬁ %dlggtrgtgg’gﬁ IC%%)béo na/ or 700) ,
t he pl ur diave zyly@f mytipbtizea gl ghayes.i veithesvati2® oéisiecs sitibastiasth &l th yrovelot r opi ¢ and do

onet A %o ST ks L DA L9 A0 Bl L0 deposi i ng

t hem over e one rst con ty of
cavi ti es,clechamzbiec (M) gravov ésr &BEple amawhhzcrut limitgt@n] in ag bemplapnt rast with the

pri ory art b%([ﬁjn%{lt @ngl?bt 1789 gag{lclgsl 26 glre s?anltlﬂlg ?Ferﬁmﬁ%gtﬁlgtagreg? teSined

sem condu create urality of
subst r at golp@ande) addas a 1@Qe af ®0¢ltd|0fﬁ@dmcmtlso aldi pmtegallynn metrtm,gewf 4bloutt2$e405m1 bsequent

formati onsofy & ohe OI?%PQX ﬂ{pﬁg,f ggﬂ \Aﬁ?‘% &%AE faaN ‘é%ﬁfézigﬁ%ﬂ nis Budpstrate

(e.g., semcon as a read
2011/ 0349@3@E¥/gum 1101‘(@498@&&@ clgBent) tbibgeq or pt ﬁﬂqawdeldlyrri:ﬁagectth@s Pankif)act uri ng

and creatd Bpf)&fuc%p t@BEﬂ{a?etfgﬁnlﬁggdrre?pogdm%glgmlc %9 c2=1c dSG\g% thg 91% ofﬁi ?entl'l 9Pt ion,
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carrier QLvels also may be utilized.

Of special interest, it should be noted that other than suspending them into a
carrier (a suspending medium), the plurality of substrate particles 120 do not require any
processing prior to depositing them over the one or more first conductors 110 in the plurality of

25 cavities, channels or grooves 105. For example, the plurality of substrate particles 120 do not
require any micromachining to change their shape or to expose interior portions, in sharp
contrast to the prior art.

In addition, at this point in the process of creating an apparatus (200, 300, 400,
500, 600 and/or 700), the plurality of substrate particles 120 are substantially isotropic and do

30 mot have and do not require any orientation during or prior to depositing them over the one or
more first conductors 110 (in the plurality of cavities, channels or grooves 105). Rather, also in
sharp contrast with the prior art, an orientation or difference in the substrate (e.g.,
semiconductor) material is created subsequently when the plurality of substrate particles 120

are formed into diodes in sifu, with the subsequent formation of a corresponding pn (or

35  equivalent) junction in a substrate (e.g., semiconductor) particle 120 which has already been
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conductors
30 pressure, laser, uv or thermal annealing or alloying, by partially embedding the plurality of

substrate particles 120 within one or more first conductors 110 (such as when the conductive
ink or polymer forming the one or more first conductors 110 was uncured or only partially
cured prior to depositing the plurality of substrate particles 120, or has been dissolved or re-
wetted using a reactive suspending agent during the substrate particle deposition process), or by

35  using anisotropic conductive polymers, which create an electrical connection following
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junction 275. As part of a printing process, for a p or p+ semiconductor substrate type, an n-
type dopant, such as a phosphorus or phosphorous and silicon in a carrier or binder, is

30 deposited in a liquid, semi-liquid, gel, or film form, such as an ink or polymer, to a first or
upper portion of the plurality of substrate particles 120, and heated, or subject to laser energy,
or subject to another form of curing, annealing or alloying, such that the n-type dopant or n-
type material diffuses into or bonds with the upper portion of the plurality of substrate particles
120 to a sufficient degree, forming a penetration layer or region 255 which, in this case, is an n-

35  type penetration layer or region 255 which defines a corresponding junction 275 (in this case, a
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Source N-250, Arsenosilicafilm and Antimonysilicafilm for buried layers, Phosphorosilicafilm

30 5x 10%, and Phosphorofilm for solar cells. These exemplary dopants or spin-on materials are

deposited, and depending on the application and dopants, such as for Emulsitone Emitter

Diffusion Source N-250, may be initially heated to 150-200 degrees C for 15 minutes to harden

the film, followed by heating at 800-1200 degrees C for 15-30 minutes or any lower

temperature capable of forming a junction 275 and/or layer or region 255 degree with the

35  desired or selected characteristics (such as a desired penetration depth) and without adversely
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PLEDs, for example and without limitation. As part of a deposition process, such as using

30  plasma deposition or sputtering, for semiconductor substrate type having a first majority carrier

(e.g. p+ silicon), a semiconductor material having a second majority carrier (e.g., an n-type

dopant, such as a phosphorus-doped silicon) is deposited over (on top of) a first or upper

portion of the plurality of substrate particles 120 and any one or more insulators 135. In

addition, in various embodiments, the semiconductor material having a second majority carrier

35  may be deposited over the first surface (or side), covering a first or upper portion of the
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to the déb05|te pan mat eri a nt materi al does not
adher e limitation. After deposmon of one or more insulators 135 (described in greater detail below),

the first side or surface may be treated, such as with a gas containing fluorine, which may

30 slightly etch the plurality of substrate particles 120 when comprised of a semiconductor such as
a doped silicon, and which may further create a surface of the insulators 135 which has
comparatively poor adhesion characteristics (e.g., Teflon-like). The plasma deposition process
then deposits the semiconductor material, such as silicon, which adheres to the first majority
carrier substrate particles 120, but does not substantially adhere to the fluorinated surface of the

35  insulators 135 (and can be removed subsequently), and deposits the second majority carrier (n-
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Referring to both FIGs. 14 and 15, in various or selected exemplary
embodiments, the (pn) junction 275 may encompass varying percentages of a shell region about
the plurality of substrate particles 120. For example, using percentages based upon the amount

25  of surface area covered by a penetration layer or region 255 forming a corresponding junction
275, when the plurality of substrate particles 120 are substantially spherical, each substantially
hemispherical, shell-shaped (pn) junction 275 may encompass 15-60 percent of a
semiconductor particle 120; in other exemplary embodiments, a shell-shaped pn junction 275
may encompass 15-55 percent of a semiconductor particle 120; and in various exemplary

30 embodiments of substantially spherical substrate particles 120, may encompass about or
approximately 20-50 percent, or 30-40 percent (plus or minus some small percentage (A)) of a
semiconductor particle 120. This is also in sharp contrast to the prior art, in which the (pn)
junction initially covers the entire spherical semiconductor, which subsequently requires
micromachining to expose one of the substrate types. For example, in an exemplary

35  embodiment, about 15 percent to 55 percent of each diode surface and corresponding



no alignment of the pn junction and no placenent of an oriented diode is
required, with proper alignnent and placenent occurring autonmatically due
to the nowelzorme3kmd of nanufacturing a di ode 155 in pl aeeTwiseénon4sams
exenpl ary apparatus 200, 300, 400, 500, 600 and/or 700. Furthernore, ohmc
contacts between the substrate parti cI4 s 120 and the one or nore first
20conductors 110 have been created prior to diode 155 formation, also in
sharp contrast to typical sem conductor fabrication techniques.
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25  available for bonding to a conductor) and, for exemplary embodiments, an exposed and
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35  diodes 155, and may be any type or kind of diode, such as for photovoltaic (“PV” diodes)
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continuous insulating layer (as 111ustrated and dlscussed below with reference to FIGs. 34 35

and 36). The optional insulators 135 may be utilized to help prevent any contact between a

second conductor 140 and the second or lower (in this case, p-type) portion of a diode 155. In

addition, in exemplary embodiments, an insulator 135 may be deposited as a layer, provided
30 enough of the diodes 155 remain exposed both for contact with one or more second conductors

140 and exposure of the first, upper portions of the diodes 155 for light emission or absorption.

As mentioned above with reference to FIG. 15, one or more insulators 135 may also be

deposited prior to diode 155 creation.

In addition, the plurality of insulators 135 may be comprised of any of the

35  insulating or dielectric compounds suspended in any of various media, as discussed above and
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In an exemplary embodiment, in addition to the conductors described above,
carbon nanotubes (CNTs), polyethylene-dioxithiophene (e.g., AGFA Orgacon), a polyaniline or
polypyrrole polymer, indium tin oxide (ITO) and/or antimony tin oxide (ATO) (with the ITO or
ATO typically suspended as particles in any of the various binders, polymers or carriers

30 previously discussed) may be utilized to form optically transmissive second conductor(s) 140.
In an exemplary embodiment, carbon nanotubes are suspended in a polymerizable ionic liquid,
such as an aqueous hydrazine with a polymerizable acrylate or other polymerizable compound
(and may further include additional surfactants), with the resulting conductor (110, 140, 145)
comprising carbon nanotubes suspended in a (cured) acrylic, plastic or polymer. While ITO

35  and ATO provide sufficient transparency for visible light, their impedance or resistance is
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Transmissive second conductor(s) 140 may also be combined with various binders, polymers or

30 carriers, including those previously discussed, such as binders which are curable under various
conditions, such as exposure to ultraviolet radiation (uv curable).
Referring again to FIGs. 18 and 19, when the first (110) and second (140)
conductor(s) are energized, resulting in the provision of power to the plurality of diodes 155
such as LEDs, light is emitted in the visible spectrum. The resulting apparatus 200, 300, 400,

35 500, 600 and/or 700 (correspondingly referred to as a light emitting apparatus 200A, 300A,
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25  emissive layer 295 may be utilized with a blue light emitting diode 155 to produce a

substantially white light. Such electroluminescent compounds include various phosphors,
which may be provided in any of various forms and with any of various dopants, such as a zinc
sulfide or a cadmium sulfide doped with copper, magnesium, strontium, cesium, rare earths,
etc. One such exemplary phosphor is a zinc sulfide (ZnS-doped) phosphor, which may be

30 provided in an encapsulated (particulate) form for ease of use, such as the micro-encapsulated
ZnS-doped phosphor encapsulated powder from the DuPont™ Luxprint® electroluminescent
polymer thick film materials. While not combined with a dielectric in the exemplary
embodiments, this phosphor may also be combined with a dielectric such as barium titanate or
titanium dioxide, to adjust the dielectric constant of this layer. The EL compounds or particles

35  forming the one or more emissive layers 295 may be utilized in or suspended in a polymer form
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100D with a plurality of first conductors 110, a plurality of diodes 155, a plurality of insulators
30 135, a plurality of second conductors 140, and a plurality of lenses 150 (suspended in a
polymer (resin or other binder) 165) having been deposited for an apparatus 200 embodiment in
accordance with the teachings of the present invention. FIG. 22 is a cross-sectional view
(through the 70-70° plane) of the fifth exemplary base with a plurality of first conductors 110, a
plurality of diodes 155, a plurality of insulators 135, a plurality of second conductors 140, a
35  plurality of third conductors 145 (not visible in FIG. 21 as covered by lenses 150), and a
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30  considerably larger than the diodes 155, such as five times as large in an exemplary
embodiment.
In an exemplary embodiment, a polymer (resin or other binder) 165 or other
polymer may be utilized having a viscosity which also may provide at least some spacing
between the plurality of lenses 150 and between the plurality of lenses 150 and the diodes 155,
35  such that the plurality of lenses 150 and plurality of diodes 155 are not in immediate or direct,
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Accordingly, whether the plurality of lenses 150 suspended in a polymer (resin
or other binder) 165 are deposited directly over the diodes 155 (and/or one or more emissive
layers 295), one or more second conductors 145 (and/or third conductors 145), and any exposed
base (100-100H), or whether the plurality of lenses 150 suspended in a polymer (resin or other

35  binder) 165 are formed as a separate structure and subsequently attached over the diodes 155
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approximately 10:1 to 2:1, with a potentially optimum ratio of 5:1 for comparatively higher or
more significant mode coupling or otherwise significantly greater light concentration (or
dispersion). The mean diameter of the plurality of substantially spherical lenses is generally
30 about 20 to 400 microns (corresponding to diodes 155 in about the 10 — 40 micron range), and
more particularly is about 80 to 140 microns. The typical or mean diameter(s) of the plurality
of diodes 155 (and any space between the ridges (peaks, raised portions or crests) 115 of the
exemplary base 100 (or, equivalently, the width of the ridges (peaks, raised portions or crests)
115 of the exemplary base 100 — 100G) may be selected or otherwise predetermined such that



appar atus 300 enbodi nent in accordance with the teachings of the present
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particles
different sized spherical and other shaped lenses 150, to create a plurality of different focal

points, mode coupling and diffusion capabilities. This may serve to increase the spectral
30 density of the light absorbed or emitted. The various lenses 150 of the plurality of lenses 150
may also have different indexes (or indices) of refraction, providing a plurality of different
refractive indexes.
For any of these various applications, such as light emitting applications, the
substrate particles 120 may have any shape or size, in addition to spherical. For example,

35  diodes 155 may be formed which are faceted or have other surface textures and shapes, to
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30 300B otherwise functions substantially the same as any of the other apparatus embodiments

discussed herein.

As mentioned above, a potential size range for the plurality of substrate
particles 120 and resulting plurality of diodes 155 may be in the range of about 10-40 or 25-40
(or more) microns, which is comparatively much smaller than conventional, prior art diodes.

35  Asaresult, in accordance with the exemplary embodiments, generally there are comparatively



the relative width of the cavities, channels or grooves 105 conpared to the
di odes 155, with the cavities, channels or grooves 105 illustrated as
si gni fi camDI2g1vi3e®s t han t he di odes 155C. Wth the conpacatise@bp4ssigier
cavities, channels or grooves 105, the | ocations of the various insulators
135 and second conductors 140 al so vary accordingly, as illustrated, and
are coupl ed 35to or about the sides of the di odes 155C, rather than being
g_ougl edlnlgre t oward thet u\;Eer or - 59t- Eop pEripheraI portionszgf5 Lhe_
i odes 0 [a r ne r r ons avi n
d10d§ 15'5 1n}1j L ERLE AN Q%B tus 208‘3 gQLO %G 6000 ggﬁ a 9
a w de vara}g of 3 g 1€ °né el’ess bei'ng stantlahly
shel | - ;ha:pmdaramdf hAglt dtensltyeof degdesold§ habbe thethermesaly oﬁmbstasmﬁdhmgypmdj uncti ons
cont i nui o P5Rar Al M 3R bIG RIS of Befroa ST o BusBEES Znalor
coupl ed tresubsnm aoxseabteraepdrmwwt mOs4(m35000600f, V00 tFoc oradp bt waripsy detites witlast | y,
Lo B R SR RS 251 AU G AL OFL AR Db
i mtati che abupki angipaardufow@ I®SE)0, A6, Y witlplewei fonctofing hikodeas® 100E, and
spaced- a I 500A g t herw se
functi ong%{se%}tl)nsl e&l?n ﬁ%tﬁgﬁgﬁggﬁéﬁé%bg%%da @Wga(glt ugpghglg gervg ‘us enbodi nent s
di scussedompueblnto t_h@Fglﬁoutﬁ@ off s%t%@%bd@tmth@tlwinewoow bglgbwibh exenpl ary base
spher i cal di odes. 16820 & morbRtafRIENehE b TuaPyBhetiduhi e Bheef I3 200 e
f: ondu®t o rsgsr(}m@d V\athgll tléer ladlymey (mm bmt};g)ﬁbmdmd uet, mmﬁi A@gcmg (l?lr%g]% g;aalﬁet ty of o
enses 180, (RUPRROGCH L. AnBRIYTES af iR RlorSbNEr nRLRHPLY: aving been
depositecf% FOr-an appar at us d rré) 'R accor dance w he teachi ngs
of the present i nvengi ZﬁnlsaEd:r@ect’B@ﬂcﬁvsfaaesﬂtmﬂaysehtﬂllbawdk)oilfoewg(thr o]tcjg]tl t he
71 - 71 plane). of s SixLRy L R8 oHROG I B BhBh U@l of Ti st
conductor@ %} eaop1t urality. g su s? e?lg]g?f/ Sp 6rical g es T% , a
p: ur a: it yfroof thps&smééféauslw;hsm&&d imsofr ay the éwies[]chs@fcbnt@hnchmdumldw $051ag@,( a Hed
plurajs tys %0 o sHbsrAH AN 1r%ul§ %14%1’5 l‘%ﬁ )gijr% llg{l& Idé esSions of BOEs suspende
in a poly I'n or rb P aé een de 05|% “for an
appar at u§0mﬁﬁg ebrabc) ¢I®0ﬂF’E(thh dlf&tsdamdbm@el OWi-tIROK, Héo@ edly Idumgsheo:hanebé ther esent
2oL ent ! Qe AP LoNAc, BRONE: 4 SERRRCAL UB, 400 STRARLIRR LSl er s from
the ot her® \élpleara 1Ses 1 s%% : (g e §IXt exenp ase”%BELE#lurther
iggpz:/\;ess?stthalgam sayne@b apr dj tleeattheoglwa(amﬁ embp@mcntsﬁlsm% G?wmméb!;u tgde ;:han][]el s
ich may be i a y O
first conductors 11#3&%1%%61[{/62{%&5% sftaan% %%eﬁstanot%o% cé?mdétent
dept R0confoeP hwitlya ploratityef Siksa pendodtors hED, ammmw of s0staandlyt faested sayseatei ons 245,

d furt . I | f t
285, whi RTIRo 1) Bhng orfyRu by Boads TSP B, B RIS So0e he
random dipdurelit of seomdicgndugtotsndp, anil b pkiraligt @dhlbgpoomtom‘ 145thevifig beeh conduct ors
110 t ti |
L10 ot Nehad B SeNLeh: W SiR IR RSB SR ey eu et
with a viiavea8&. diGstmea ovkerectpoiintcvadiohgfiftt seinplagt s HOD Vsiémﬂla“aléatly y
il usz%r atcg?gi}s‘t cdﬂdﬁ&or@?}o 3 Rl?’cﬁ%; (?Ils){l%sltanLMR/t &eﬁguﬁsg?tgg@nggs 12%%01%1“ the

base so conp |t|ona ngs or ayers (250,
260, 270)c0dewom£131®°dceaddaimles l'—5|5@., a BBraditysd inshlatest 134t aggurelizof seagndof  t he

plurality ﬁéuc%hoﬂ%%ypdl%@gﬁgﬁ R cggc(eu\é%s&%?'h%)m%ﬁ&a %%%/}% raﬁﬁ%p%!r dgs and the

wal |'s of T anne the b {rat has been
parti al | yenfoodliment in pcchydanaeswithahaoeshth8Sof thaeteseatrinedntien. sﬁammﬁgndd@bmen and

among t heFlgg %% Gra 2P RN IRLRe: SLAE BRPRLARYR SAPRIAGPbEdiodds 1§SY L1 Ng

appar at us ,
30 faceted diodes 155A (each of which also has a substantially curved, shell-shaped penetration

layer or region 255 forming a corresponding pn junction 275), and further illustrate an
exemplary pattern for deposition of a plurality of third conductors 145 on or within one or more
second conductors 140, such as having a substantially straight line or having a “ladder” shape
(not separately illustrated), for example and without limitation. A resulting apparatus otherwise

35  functions substantially the same as any of the other apparatus embodiments discussed herein.
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61 - 25  of'the present invention. As mentioned above, FIGs. 30 and 31 serve to illustrate another
exemplary shape for a plurality of diodes 155, as substantially irregular diodes 155C (each of
which also has a substantially curved, irregular shell-shaped penetration layer or region 255
forming a corresponding pn junction 275 (or equivalent)).

FIGs. 30 and 31 further serve to illustrate other exemplary variations

30 considered equivalent and within the scope of the claimed invention, including variations on
the relative width of the cavities, channels or grooves 105 compared to the diodes 155, with the
cavities, channels or grooves 105 illustrated as significantly wider than the diodes 155C. With
the comparatively wider cavities, channels or grooves 105, the locations of the various

insulators 135 and second conductors 140 also vary accordingly, as illustrated, and are coupled

35  to or about the sides of the diodes 155C, rather than being coupled more toward the upper or
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30 FIGs. 32 and 33, the base 100G may also comprise any of the additional coatings or layers
(250, 260, 270) discussed above. FIG. 33 also illustrates that any of the plurality of diodes 155
may have a (variable) gap between its sides and the walls of the channel 105 of the base 100G,
which as illustrated has been partially filled in by insulators 135, and variable spacing between

and among the lenses 150 and also other apparatus components. A resulting apparatus 400,
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resulting apparatus 600, 600A and/or 600B does not provide for individual row, column, or
pixel addressability, but is otherwise functions substantially the same as any of the other
apparatus embodiments discussed herein.

FIG. 37 is a perspective view of a ninth exemplary base 100H with a first

35  conductor 110, a first conductor (or conductive) adhesive layer 110A, a plurality of substrate
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30 particles 120, an insulator 135, a second conductor 140, and a plurality of lenses 150
(suspended in a polymer (resin or other binder) 165)) having been deposited for an exemplary
apparatus 700 embodiment in accordance with the teachings of the present invention. As
discussed above with reference to FIG. 15, for such an exemplary embodiment, a diode 155

comprises a layer or region 255A coupled to a substrate particle 120 to form a junction 275.
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35  formed as corresponding single layers, rather than as corresponding pluralities of discrete
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data in a(b(gtﬁhgﬁn%g%\% or both defining columns), they may also be addressable by row and/or
30 column, such as sequential addressing of one row after another, for example and without
limitation. In addition, either or both the plurality of first conductors 110 and the plurality of
second conductor(s) 140 may be implemented as a layer or sheet as mentioned above.
As indicated above, the plurality of diodes 155 may be configured (through
material selection and corresponding doping) to be photovoltaic (PV) diodes 155 or LEDs 155,

35  as examples and without limitation. FIG. 41 is a block diagram illustrating a first system
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30 power source (such as houschold or building power). When the controller 320 is implemented,
such as for an addressable light emitting display system 350 embodiment and/or a dynamic
light emitting display system 350 embodiment, the controller 320 may be utilized to control the
energizing of the LEDs (155) (via the various pluralities of first conductors 110 and the
plurality of transmissive second conductor(s) 140 (and the optional one or more third

35  conductors 145)) as known or becomes known in the electronic arts, and typically comprises a
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custom ICs or ASICs also may be designed, configured and/or hard-wired to implement the
30 methodology of the invention. For example, the processor 325 may be implemented as an
arrangement of processors, controllers, microprocessors, DSPs and/or ASICs, collectively
referred to as a “controller” or “processor”, which are respectively programmed, designed,
adapted or configured to implement the methodology of the invention, in conjunction with a

memory 330.
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mechanism, including any information delivery media, which may encode data or other
information in a signal, wired or wirelessly, including electromagnetic, optical, acoustic, RF or
infrared signals, and so on. The memory 330 may be adapted to store various look up tables,
parameters, coefficients, other information and data, programs or instructions (of the software
30 of the present invention), and other types of tables such as database tables.

As indicated above, the processor 325 is programmed, using software and data
structures of the invention, for example, to perform the methodology of the present invention.
As a consequence, the system and method of the present invention may be embodied as
software which provides such programming or other instructions, such as a set of instructions

35  and/or metadata embodied within a computer readable medium, discussed above. In addition,
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mechanisms (e.g., transistors) to turn various lines or connectors 310 on or off in response to

25  signaling from the processor 325, and/or physical coupling mechanisms. In addition, the 1/O
interface 335 may also be adapted to receive and/or transmit signals externally to the system
300, such as through hard-wiring or RF signaling, for example, to receive information in real-
time to control a dynamic display, for example.

For example, an exemplary first system embodiment 350 comprises an

30 apparatus 200A, 300A, 400A, 500A, 600A, 700A, in which the plurality of diodes 155 are light
emitting diodes, and an 1/O interface 335 to fit any of the various standard Edison sockets for
light bulbs. Continuing with the example and without limitation, the I/O interface 335 may be
sized and shaped to conform to one or more of the standardized screw configurations, such as
the E12, E14, E26, and/or E27 screw base standards, such as a medium screw base (E26) or a

35  candelabra screw base (E12), and/or the other various standards promulgated by the American
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coupled to form a second terminal (such as a correspondingly positive or negative terminal),

which are then couplable to lines or connectors 310 for connection to either or both an energy

storage device 380 or an interface circuit 385. When light (such as sunlight) is incident upon

the plurality of spherical lenses 150 of an apparatus 200B, 300B, 400B, 500B, 600B, 700B

30 (from any of a wide range of angles, as discussed above), the light is concentrated on one of

more photovoltaic (PV) diodes 155 which, in turn, convert the incident photons to electron-hole

pairs, resulting in an output voltage generated across the first and second terminals, and output

to either or both an energy storage device 380 or an interface circuit 385.

FIG. 43 is a flow chart illustrating a method embodiment in accordance with

35  the teachings of the present invention, for forming or otherwise manufacturing an apparatus
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ohmic contact between the plurality of substrate particles 120 and the one or more first
conductors (which may also involve various chemical reactions, compression and/or heating,
for example and without limitation).
One or more dopants (also referred to equivalently as dopant compounds) or
20  additional organic light emitting layers for OLED implementations (as discussed above) are
deposited on or over the plurality of substrate particles 120, also typically through printing or
coating, which are then heated, energized or otherwise cured as needed, such as through laser
or thermal annealing or alloying, to form a corresponding plurality of diodes 155, step 715,
such as photovoltaic (PV) diodes, LEDs, or OLEDs. An insulating material, such as a
25  particulate dielectric compound suspended in a polymer or binder, is then deposited on or over
corresponding first portions of the plurality of diodes 155, such as about the periphery of the
diodes 155 (and cured or heated), step 720, to form one or more insulators 135. Next, one or
more second conductors (which may or may not be optically transmissive) are then deposited to
corresponding second portions of the plurality of diodes 155, such as over the insulators 135
30 and about the periphery of the diodes 155, and cured (or heated), step 725, also to form ohmic
contacts between the one or more second conductors (140) and the plurality of plurality of
diodes 155. In exemplary embodiments, such as for an addressable display, the plurality of

(transmissive) second conductors 140 are oriented substantially perpendicular to the plurality of

first conductors 110. Optionally, one or more third conductors (145) are then deposited (and



a plurality of diodes coupled to the plurality of first conductors; a
plurality of second conductors coupled to the plurality of diodes; and a

pl ural it ywof2oswisstanti ally spherical |enses having at | eastusaomionsts i ndex
of 1lOrefraction, the plurality of substantially spherical |enses suspended
in a first polymer having at |east a §§cond, different index of refraction.
2. The apparatus of claim1, wherein'the plurality of diodes are
substantially spherical, substantially toroidal, substantially cylindrical,

substanti al | ed bstantjally 15r no.ul. stantially flat, or
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coupl i ng teabnighe Ipdpﬁn(b_ﬂlg' dppn dgfe idplegesation, such as depending upon how non-functioning

or defective diodes 155 are removed, the testing step 735 may be performed instead after steps

740 or 745 discussed below. A plurality of lenses (150), also typically having been suspended

15 ina polymer, a binder, or other compound or mixture to form a lensing or lens particle ink or
suspension, are then place or deposited over the plurality of spherical diodes 155, step 740, also
typically through printing, or a preformed lens panel comprising a plurality of lenses 150
suspended in a polymer is attached to the first side of the partially completed apparatus (such as
through a lamination process), followed by any optional deposition (such as through printing)

20  of protective coatings (and/or selected colors), step 745, and the method may end, return step
750.

Although the invention has been described with respect to specific
embodiments thereof, these embodiments are merely illustrative and not restrictive of the
invention. In the description herein, numerous specific details are provided, such as examples

25  of electronic components, electronic and structural connections, materials, and structural
variations, to provide a thorough understanding of embodiments of the present invention. One
skilled in the relevant art will recognize, however, that an embodiment of the invention can be
practiced without one or more of the specific details, or with other apparatus, systems,
assemblies, components, materials, parts, etc. In other instances, well-known structures,

30 materials, or operations are not specifically shown or described in detail to avoid obscuring
aspects of embodiments of the present invention. One having skill in the art will further
recognize that additional or equivalent method steps may be utilized, or may be combined with
other steps, or may be performed in different orders, any and all of which are within the scope
of the claimed invention. In addition, the various Figures are not drawn to scale and should not

35  beregarded as limiting.



- 74 - 8.The apparatus of claim1, wherein a nean dianeter or |ength of the
plurality of diodes is greater than about twenty (20) mcrons and | ess than
about forwg 20ti@B4998cr ons. 59. The apparatus of claim1l, WwROEMUS2M00EI1S
plurality of diodes are sem conductor |ight emtting diodes, organic |ight
emtting diodes, encapsul ated organic Ll ght emtting di odes, polyner |ight
emtting diodes, or photovoltaic di 0dé 10. The appar at us of claim1l,
wherein the plurality of di odes conprise galli um 10nitride, gallium
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plurali ty 0 nor gani c articles suspen
described and 1llustrated hereln are p0551ble in light of the teachlngs herein and are to be

considered part of the spirit and scope of the present invention.
It will also be appreciated that one or more of the elements depicted in the

15 Figures can also be implemented in a more separate or integrated manner, or even removed or
rendered inoperable in certain cases, as may be useful in accordance with a particular
application. Integrally formed combinations of components are also within the scope of the
invention, particularly for embodiments in which a separation or combination of discrete
components is unclear or indiscernible. In addition, use of the term “coupled” herein, including

20 inits various forms such as “coupling” or “couplable”, means and includes any direct or
indirect electrical, structural or magnetic coupling, connection or attachment, or adaptation or
capability for such a direct or indirect electrical, structural or magnetic coupling, connection or
attachment, including integrally formed components and components which are coupled via or
through another component.

25 As used herein for purposes of the present invention, the term “LED” and its
plural form “LEDs” should be understood to include any electroluminescent diode or other type
of carrier injection- or junction-based system which is capable of generating radiation in
response to an electrical signal, including without limitation, various semiconductor- or carbon-
based structures which emit light in response to a current or voltage, light emitting polymers,

30  organic LEDs, and so on, including within the visible spectrum, or other spectra such as
ultraviolet or infrared, of any bandwidth, or of any color or color temperature. Also as used
herein for purposes of the present invention, the term “photovoltaic diode” (or PV) and its
plural form “PVs” should be understood to include any photovoltaic diode or other type of
carrier injection- or junction-based system which is capable of generating an electrical signal

35  (such as a voltage) in response to incident energy (such as light or other electromagnetic waves)
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apparatus of claiml1, further conprising: a plurality of

i nsul at orwocorwssendi ngly coupled to each of the pl uralpcoyusediodisydes and
conprising a photoinitiator conpound and a second polyner or resin. 5 19.
The apparatus of claim1l, wherein the gase has a substantially flat overall
formfactor with or without surface féatures and has a thickness of |ess
than about two millimeters. 20. The apparatus of claim1, wherein the base
ggg{);hsgzn(g?dlnge\xaﬁ%ltouplnrglta%grﬁé/?go (g% 1cor91‘1’1\4:t81rg ,or cgagt?) Uase%gg‘uc?u s[)w 1(?1{ % Bgrla%sélog ter
board, woddrovpk astledrical sipiné i respatneite 1glgllaxs®,ing1~n1dﬁmﬂle &slb&mp@cztrumzm The

appar at us, 1 I I d-apart channels are
substanti ]?effeﬁtga{rgﬁlclﬁ‘ SIIM\@ éoefét Emﬁ%hg of 1{flarali;ll? @Ihooﬁg%%ﬁum 1, wherein the
plurality of spacecFuapmrechafmwh@r@wenahe {rewsigs/Pignics édohlyl be considered

hem s her ] a S e arr ppar at us of
cl ai mel Z%rx &l %ﬁ&h&% Oﬁﬂg uﬁ% unf%% Ogl%gvég%ép@mﬁpﬂuy nﬁ%ﬁ ng?lgéga}%gg fa20I east

parti al | yopaembolof geps waualsd'h@ccmpp@rcdawmlsndfe sadpaiomh? Bresenhmrv@ition,t he base
further C% latsl h&e lﬂf)fﬁ tE)Xe 91fate le)rglg gfs%gé‘:lgar 12% ?eel g ? (ﬁgﬁ{cHée Of claim
1, wher eiln t he of 6’ aarf1 ef’s

pl ural i tytelm‘“or’haagslefahdrgdnhmmmdglmuoﬂleclamnmt (ﬁuiloszumgmetaély mt@fﬁlcd fbheeaappar at us
of claim.2 h it fir n r upled to the
plurality fg "rm}%“%?a?tf‘ &P‘p"we nS dysi“% e ganipest ngg&tcgn% T he plurality
of spdcedeahaie or” meamng) unless otherwise indicated. As used in the description herein and

“ EE 1Y

throughout the claims that follow, “a”, “an”, and “the” include plural references unless the

context clearly dictates otherwise. Also as used in the description herein and throughout the

“ 5’

claims that follow, the meaning of “in” includes and “on” unless the context clearly
dictates otherwise.

15 The foregoing description of illustrated embodiments of the present invention,
including what is described in the summary or in the abstract, is not intended to be exhaustive
or to limit the invention to the precise forms disclosed herein. From the foregoing, it will be
observed that numerous variations, modifications and substitutions are intended and may be
effected without departing from the spirit and scope of the novel concept of the invention. It is

20 to be understood that no limitation with respect to the specific methods and apparatus

illustrated herein is intended or should be inferred. It is, of course, intended to cover by the

appended claims all such modifications as fall within the scope of the claims.



30channel s and the plurality of diodes are alloyed, or anneal ed, or
chemcally coupled to the plurality of first conductors. 27. The apparatus
of cl ai mwp 2ohe3ed08 the plurality of first conductors cegpriss@oma4sous ed
conductive ink or a cured conductive polynmer. 35 PCT/US2010/ 048918
SUBSTI TUTE SHEET (RULE 26) Repl acenent _Sheets - 76 - 28. The apparatus of
claim1, wherein the plurality of firdt conductors conprise at | east one of
the follow ng types of conductors in a cured form a silver conductive ink,
a copper]g%Qiﬁ%Q&ve i nk, a gold conductive ink, an alum num conductive i nk,
atinco i nk, a carbon conductive ink, a carbon nanotube polyner,
or a conductive polyner. 5 29. The apparatus of claim1l, wherein the
pIuraIit&»of first gogdgﬁngra)su%%tantially conprise a sputtered, coated,
vapor deposited or ePe@%roplanﬁ’n%tal, nmetal alloy, or conbination of
metal s. 1030. The appmsatoupriohg eplarahty2d spaskibspertohdnhels;met al , metal all oy, or
conbi nati on of netal LSe a east 0 f,.the l.ow ng: al um num
coppe?, sil ver, niéﬂﬁ?%ﬁggf%%VQPlwkmgfym?aﬁtgﬂgg%gg%gh% A’ m'Y wherein
t he pl ur abirtspofingsshaoretiofcloydurelity L sppcmippirs ehaamelopt i cal |y transm ssive
conductor or conductj,ve.c nd s e N I [,..resin or 15other
nmedia 32. The appfﬁgfﬁgyggagfﬁ?%@%ﬁgjaﬁgggﬁﬁy?ﬁggﬁﬁgﬁg/Fty of second
conduct ors conpri se miralitge astecadeonfuctolseofgéd towhendurelgppdHdindts; aedspended in a
pol ymer, resin or other,..nedia:. carbon nanpotubes, antin ti.n i de, indium
Pn” oxi de. “or ot y g B fiRly Hr BANShE RS g Wk TR Bl X' 6F ol 2 m
1, whier eirpfrdchien, gheypluahlity yf sobstghtialiiegpharios] lemapiusibntal ior fivit pdlymerthaeinghtur al i ty
of firSt1&%;998&1r$ﬂ9¥mﬁgg§%F%h-ﬁ%§34-The apparatus of claim1l1, wherein the
plurality o ar'odeS are annealed or alloyed to or within the plurality of
first conductors. 35. The apparatus of claim1l, wherein the plurality of
Sloﬁgﬁ(s: t 2;22 ngm Cal'llh% a[(;[%lr‘lagllseo cfagn ,rwhve\"retinhtlhg pltupa?ltyp olf 'd{oﬁlesl atr su%gtar]:tfaﬁ}? t

spherical, substantially toroidal, substantially cylindrical, substantially faceted, substantially

15 rectangular, substantially flat, or substantially elliptical.

3. The apparatus of claim 1, wherein about fifteen percent to fifty-five percent of
a surface of each diode of substantially all of the plurality of diodes has a penetration layer or
region having a first majority carrier or dopant and the remaining diode substrate has a second

20  majority carrier or dopant.

4. The apparatus of claim 1, wherein the plurality of substantially spherical lenses

comprise borosilicate glass or polystyrene latex.

25 5. The apparatus of claim 1, wherein the plurality of diodes are substantially
spherical and wherein a ratio of a mean diameter of the plurality of substantially spherical

lenses to a mean diameter of the plurality of diodes is substantially about five to one (5:1).

6. The apparatus of claim 1, wherein the plurality of diodes are substantially
30 spherical and wherein a ratio of a mean diameter of the plurality of substantially spherical
lenses to a mean diameter of the plurality of diodes is between about ten to one (10:1) and two

to one (2:1).

7. The apparatus of claim 6, wherein the comparative size or spacing of the

35  plurality of substantially spherical lenses provide a mode coupling to the plurality of diodes.

PCT/US2010/048918
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36. The apparatus of claim1l, further conprising: an interface for

i nsertion into a standardi zed |ighting socket. PCT/US2010/ 048918 SUBSTI TUTE
SHEET ( RUk@ 28fi)BepBacenent Sheets WO 2011/ 034908PCT/ US2@¢0/13480083948 77 -

37. The apparatus of claim1, further conprising: an interface conpatible
with an E12, E14, E26, E27, or GUJ 10 Lighting standard. 538. The apparat us
of claim1, further conprising: an i At&rface for insertion into a standard
Edi son-type lighting socket. 39. The apparatus of claim1, further
conprising: an interface for insertion into a standard fl uorescent-type

|l ighting socket. 10 40. An apparatus, conprising: a base; at |east one
first corfduct or coufheeppatraustdielatvasevheeinpd meal didnyetafor Bugh vatht platality gpheri cal

di odes coppled to the at {east e.first 15conductar . gf des: and at | east
h t t t% tqr . .
one. seconteshatieht Bul 3% (PRI HRShafTGRGRoL e BYPRERy  Soner  cal
5 9. The apparatus of claim 1, wherein the plurality of diodes are semiconductor
light emitting diodes, organic light emitting diodes, encapsulated organic light emitting diodes,

polymer light emitting diodes, or photovoltaic diodes.

10. The apparatus of claim 1, wherein the plurality of diodes comprise gallium

10 nitride, gallium arsenide, or silicon.

11. The apparatus of claim 1, further comprising:

a plurality of third conductors coupled to the plurality of second conductors.

15 12 The apparatus of claim 1, wherein the base further comprises a reflector or a
refractor.
13. The apparatus of claim 1, wherein the base further comprises a Bragg reflector

or a reflective plastic or polyester coating.

20
14. The apparatus of claim 1, further comprising a plurality of conductive vias
extending between a first side and a second side of the base and correspondingly coupled at the
first side to the plurality of first conductors.

25 15, The apparatus of claim 14, wherein the base further comprises a conductive

backplane coupled to the plurality of conductive vias and coupled to or integrated with the

second side of the base.

16. The apparatus of claim 14, wherein the plurality of conductive vias comprise a

30 plurality of substantially randomly distributed, substantially spherical conductors.

17. The apparatus of claim 1, further comprising:
a plurality of insulators correspondingly coupled to each of the plurality of
diodes and comprising a plurality of inorganic dielectric particles suspended with a

35  photoinitiator compound in a second polymer or resin.
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a plurality of substantially spherical |enses suspended in a first polyner
and coupled to the plurality of substantially spherical diodes. 20 41. The
appar at uswof2oclsisws 40, wherein the plurality of substantcalusgoispissns cal

| enses have at least a first index of refraction and the first polyner has
at |least a second, different index of _refraction. 2542. The apparatus of

cl aim40, wherein about fifteen perceﬁ? to fifty-five percent of a surface
of each diode of substantially all of the plurality of substantially
spherical diodes has a penetration |layer or region having a first majority
carrier or dopant and the remaining diode substrate has a second majority
carrier oB.dopant. BO4fpathe cploan atfusheotomnraingl 40, wherein a ratio of a
mean di amet er of the ra of subst aII he I es. to a mean
di aneter of the pl ur'a '1%?1%[?/' o]TnSl}fat%rS ntha n§y§|8 eerc%stga?(:h ?% Lm{@' bet ween
about t enlidgdes ard&o(nﬂzﬁmﬂ@awtwcblmumrtcompmmd(aﬁd djecond pbazmerdﬂr.eélfme appar at us of

cl ai my40, wherein a nean dianeter of the plurality of substantially
spherical diodes is greater than about twenty (20) mi crons and | ess than
about foridy (40) rrﬂdnecamranfsétﬁcrﬁhlelaqdpmiratﬂmbasehascalsabmnd@lly ﬂwheveezilhfotme
plurality, bst Lical! 0 ar ht
emtting %qurd% aur% Sltl:rf I %ﬁ{& Bl %as athlgmésc? Ofﬁssetﬁ%naﬁ)glﬁtl A mdlhglre J[gegsnl c light
emtting di odes poI ymer |i ght em tting di odes, or phot ovol tai c di odes. 46.
The appargt us of cl.ajim 40 e t.he. ybstantially spherical
10di odes corrprlse ﬁl aP%nqnﬁs:A?rllrale Whe Iptlh %SFng Hc?esa‘%easmnfltt:tgen 47. The
appariat usolddwing: aaper,ztﬁated pﬂptnhplastrc@nmd p}ipe’rgemlaiSseH@a{Et fibeepapéri caddboandduct or
coupled to the a % ?orllcdm%g d}égtor The apparatus of claim

40, wher OSterH?Berb%os (ha? P?'OO nprises’a rcélgﬁass fm Orceramlcr ef ractor. 49.
The apparatus of claim 40, further conprising at |east one conductive via

ext endi ng bet ween o) felar Satr t1§s| %laan;j quese?nc ndlusa & f%ff)act pagaﬁanngls a
correspondl ngly couplédat t 201 TSt s deé f theP &t Theast one fi r st
conduct orsubstantially parallel.
15
22. The apparatus of claim 1, wherein the plurality of spaced-apart channels are at
least partially hemispherically-shaped and are disposed in an array.
23. The apparatus of claim 1, wherein the plurality of spaced-apart channels are at
20 least partially parabolic.
24. The apparatus of claim 23, wherein the base further comprises a plurality of
angled ridges.
25 25, The apparatus of claim 1, wherein the plurality of spaced-apart channels further
comprise a plurality of integrally formed projections or supports.
26. The apparatus of claim 25, wherein the plurality of first conductors are coupled

to the plurality of integrally formed projections or supports within the plurality of spaced-apart
30 channels and the plurality of diodes are alloyed, or annealed, or chemically coupled to the

plurality of first conductors.

27. The apparatus of claim 1, wherein the plurality of first conductors comprise a
cured conductive ink or a cured conductive polymer.

35
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50. The apparatus of claim49, wherein the base further conprises a
conductive backpl ane coupled to the at |east one conductive via and coupl ed
to or intwgnratied4ast h the second side of the base. 25 PpchaIS20ibe4mppar at us
of claim 40, further conprising: at | east one insulator coupled
to the plurality of substantially sphﬁrlcal di odes and conprising a
plurality of inorganic dielectric par fecles suspended with a photoinitiator
conmpound in a second polyner or resin. 30 52. The apparatus of clain140,
wherein the base h ca,Su s antia Qve ctor wt

wi t hout s%r face featUres a fﬁlsmﬁa’ efeéaﬁr%e o lg’ ﬂfé“lésg"?“r‘i‘“‘%’“ BOUR "t Wo i
nllllnetdmstmwofm@ﬂﬂb@ﬁ@ﬁh@saﬁgamamHSm@kumhamn14@ﬂvMMemEannmeabase
ggg{)reldsgngéer con% (6[1sveé , % %015 (r:]oef\ld{g(%ge pgnqaelurn%%‘gm C(’C)itbd%ctn%%g( Q?{? ﬂducg%g‘ftl (F;OS ter
boar d, moddacpmam¢mKMMWMb®3ﬁmﬂbabmummegbbssgoamdmdmmaepdmn@ 554. The

appar gt us of claim40, wherein the at | east one first conductor conprises a
cured "conductive ink or a cured conductive polyner. 55. The apparatus of

cl ai m 40, 29wher ei n tThe appardt@adgtlaomé vfher@tthtzplminlicytﬁrﬁrsmomdncttsresubatast}inlllvt er ed,
coat ed, deposi t el ectropl t or conbi nation
of net aI s ﬁﬂseag e dggog%daraggu&sep%sﬁ edﬁlﬁgr egecgﬁépd%e%% l%eta?% Oy’o | east one
second condbnmmnuﬁoanases an optically transm ssive conductor or
conductive conpound suspended in a polynmer, resin or other nedia 1557. The
apparatus of claim40, wherein the plurality of substantially spherical

di ode® ar3®. anneal edihe@ppaadtisayf ekdim 29, Whhlehlith@inbtyl metapdlkegl ctroomlvina/tjohhf n the at

| east one flrst con p eln t he

ot ar al ¢yt FEBRAEh ey o2 GlRFAEP AR sfhet BET iR Re " atex. so.
The appar at us of cIa|n140 further conprising: an |nterface for insertion
into a st:ﬁndardlzed]jle

agphatra{n?s%f R k?twherem the plurality of second conductors comprise
an optically transmissive conductor or conductive compound suspended in a polymer, resin or

15 other media

32. The apparatus of claim 31, wherein the plurality of second conductors
comprise at least one of the following compounds suspended in a polymer, resin or other
media: carbon nanotubes, antimony tin oxide, indium tin oxide, or polyethylene-

20 dioxithiophene.

33. The apparatus of claim 1, wherein the plurality of diodes are coupled to or

within the plurality of first conductors by abutment.

25 34 The apparatus of claim 1, wherein the plurality of diodes are annealed or

alloyed to or within the plurality of first conductors.

35. The apparatus of claim 1, wherein the plurality of diodes are chemically
coupled to or within the plurality of first conductors.

30
36. The apparatus of claim 1, further comprising:

an interface for insertion into a standardized lighting socket.
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2560. The apparatus of claim40, further conprising: an interface conpatible
with an E12, E14, E26, E27, or GJ 10 lighting standard. 61. The apparatus of
cl ai m 40,wbuntinsseosonpri si ng: 30an interface for insertipam/useai0/0a893% andar d
Edi son-type lighting socket or a standard fluorescent-type |ighting socket.
- 80 - 62. A system conprising: an Lpput/output interface; a base; at

| east one first conductor coupled to the base; 5a plurality of
substantially spherical diodes coupled to the at | east one first conductor,

t he plur Y of s stantlalIxhﬁquﬁhﬁgkmggodes havi ng a nean di aneter

greater than about ﬁéﬂ%?mfég) M crons and 1'ess than about forty (40)

m crons; at |east omnenternfisekabmtible suthlaed 12,6 18#NE26pELL, at GUy Odifghtsgbst anti al |y
spherica%tdig es; at |east one second conductor coupled to the plurality of
substantiéPFy'spherical 10di odes; and a plurality of
substantially spherical |enses suspended in a polynmer and coupled to the

pIuragitﬁgof substaﬂ%gauﬁ wﬁﬂ@ﬁﬂﬁ?qgmﬂﬁqgﬁﬁih}he plurality of substantially
spherical” I enses having a |‘east & first index of refraction and the

pol ymer havi ng at |sasgtrfae fedootipon thitd 4 eendmtd Hdsdexypolightag sadkti on, wherein a
ratio of a nean diameter of the plurality of substantially spherical

15l enses to the nean dianeter of the plurality of substantially spherical

di odes i S3%bet ween dthouppatraus df olaomé ftl@r dmmisshgt wo to one (2:1). 63. The

system of claim 62 ’anvl\{ﬂeerli‘a%ie ?orsin%leol%gr? 1@1 0i a? slta!u%lar%lduor%];ce;[ltr—]t?rpepﬁglﬂ{ir?gl sio%1¥et.0f
10
40. An apparatus, comprising:
a base;
at least one first conductor coupled to the base;
a plurality of substantially spherical diodes coupled to the at least one first
15  conductor;
at least one second conductor coupled to the plurality of substantially spherical
diodes; and
a plurality of substantially spherical lenses suspended in a first polymer and
coupled to the plurality of substantially spherical diodes.
20
41. The apparatus of claim 40, wherein the plurality of substantially spherical
lenses have at least a first index of refraction and the first polymer has at least a second,

different index of refraction.

25 42 The apparatus of claim 40, wherein about fifteen percent to fifty-five percent of
a surface of each diode of substantially all of the plurality of substantially spherical diodes has
a penetration layer or region having a first majority carrier or dopant and the remaining diode

substrate has a second majority carrier or dopant.

30 43, The apparatus of claim 40, wherein a ratio of a mean diameter of the plurality
of substantially spherical lenses to a mean diameter of the plurality of substantially spherical

diodes is between about ten to one (10:1) and two to one (2:1)

PCT/US2010/048918
SUBSTITUTE SHEET (RULE 26) Replacement Sheets



substantially spherical diodes have a substantially hem spherical shell pn
junction. 64. The system of claim62, wherein about fifteen percent
to fifty-wovelypssment of a surface of each di ode of subgtcantscabloyssas | of
the plurality of diodes has a penetration |layer or region having a first
majority carrier or dopant and the renmi ning di ode substrate has a second
majority carrier or dopant. 65. The'ggéten1of claim62, wherein the
conparative size or spacing of the plurality of |enses provide a node
coupling t,0 the plurality of .diodes. . 66. The svste f claim.62, wherein
the plurdty of 1 eneaeind ot BT ER sty gl SRR & pilyBe s 2

facet ed, sebdtanptliycsphgricalali@leg)is goater than groustwaity €20) miapezod tad thait aboatngul ar, or
pyram’dalib %%%%é034908PCT/U82010/048918 - 81 - 67. The systemof claim
62, wher e tRETBASE conprises a plurality of spaced-apart channels and a
plurality of integrally fornmed projections, wherein the at |east one first

conduct or,.conpri ses.a_plural i.t .o£ first conductors.co ed . to the base
LOr, 4 ST, & df eMin? 40, whirdtn (RONGUfH QR § ’
each first conductor it a %Soorf:elspo%(\:i\i relrgemc annel &‘fs bl%%npa W%’Ielfl(fay of

spaced- apbwdes Trhagmmednductér lighBemiffing deylest engurod light ammirgRliodeh en@psuldtdile pl ural ity
of diodes_are sem condyctor Light. em t.ting di odes, organ:c, |light emtting
i odes.  poPDRARRTEAPCUEHR, pory G ins Rl bbb oL OO TR VBNl I ot Lt g
di odes, or photovoltaic diodes. 1069. The system of claim 62, wherein the
plurality,of diodes.conprise [1,umnitrid al l.i um arseni.de, .or silicon
%0, The &stem of CIIRIESD ¥ APPhal ogil iR ot bl itlenl 10 Tve via
ext endi nglidgles vvmagnisagdlliims titrgiedmllandargngleconidicei. de of t he base and
correspondi ngly coupled at the 15first side to the at |east one first
conductor. 71. The system of claim 70, wherein the base further conprises
a conduct47ve backpldwrepmousl of dlaino4q, igthat cdngpaising.:one conductive via and

coupled to or int engI[ %%sqg)ne }r(ri’I ccgn gctgrec%g]ﬁgd t%lttgeeat Petolsttogeze seg(?h ec'onc%(():tor.

15 48 The apparatus of claim 40, wherein the base further comprises a reflector or a
refractor.
49. The apparatus of claim 40, further comprising at least one conductive via

extending between a first side and a second side of the base and correspondingly coupled at the

20 first side to the at least one first conductor.

50. The apparatus of claim 49, wherein the base further comprises a conductive
backplane coupled to the at least one conductive via and coupled to or integrated with the

second side of the base.

25
51. The apparatus of claim 40, further comprising:
at least one insulator coupled to the plurality of substantially spherical diodes
and comprising a plurality of inorganic dielectric particles suspended with a photoinitiator
compound in a second polymer or resin.
30

52. The apparatus of claim 40, wherein the base has a substantially flat overall
form factor with or without surface features and has a thickness of less than about two

millimeters.
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72. The system of claim 62, further conprising: at | east one

i nsul ator coupled to the plurality of diodes and conprising a plurality of

i nor gani cwoizeligstgosc parti cl es suspended with a phot oi nipCiratsesiomasypound in
a second polyner or resin. 25 73. The systemof claim62, wherein the base
has a substantially flat overall forn1%actor with or without surface
features and has a thickness of |ess than about two nillineters. 74. The
system of claim62, wherein the base conprises at |east one of the
30f ol  owi ng: paper,.coate StiG oat ed pa ed paper,
fiber paﬁgr, cardbé%m§®m“g§¥geﬁn%4ﬁﬁvemangb% %%?%lgaik Onﬁéi r ubber,
fabric, dblhseng: amet, @Date:dapa@m, plastlc 009151 paiﬁheemlylssteé (122017 fﬂbbmamrﬁ@;rdbmrdr ein the

at least ong [hLSEGORANCLOL SOMRY L85 Aol EASLAONG QhyfIore of the
follomnnd) cored conduct i ve i onduc I've polynmer, carbon
35nanot ubes, a netal, a met al aIon, or a conblnatlon of netals. - 82 -
76. Th% SyﬁF em of . cl e apl% dtusvw}efalenln QO twrlllgreatth a%?eagt 0919 %rs?con uc or%gnqd us%g 2(1) r
conprises an optica Fansm S$si ve conduct or conductive ound

suspendewumdcmxb@bynﬂ«mamasdnmmWMthQWnnedla. 5 77. The systen1of claim
62, wherein the plurality of diodes are anneal ed, or alloyed, or chemcally
coupled to or within the at |east one first conductor. 78. The system of

cl ai m 62,55wherein ﬂheamhumakﬁbyhmw)M&m@é&h@ﬂmpmkmeﬁbowmsmmh@ampﬁﬁmgIass or
Compat | bie i hiedrbhor LGS RS CLRLE iy G-k BERG R 1800 mhe
systelth of claim®62, wherein the |nterface is for |nsert|on into a standard

Edi son- tyS%e i ghtl nﬁesol?caga%us of élm 40 w%er %1%%6 %pleast one sec01%d6<;[ohdeper ein the

interface is for inser a sta l"'uOrescen ype Tighting
socket . 20mprises an optically transmlsswe conductor or conductive compound suspended in a

polymer, resin or other media

15 57 The apparatus of claim 40, wherein the plurality of substantially spherical
diodes are annealed, or alloyed, or chemically coupled to or within the at least one first

conductor.

58. The apparatus of claim 40, wherein the plurality of lenses comprise

20 borosilicate glass or polystyrene latex.

59. The apparatus of claim 40, further comprising:

an interface for insertion into a standardized lighting socket.

25 60. The apparatus of claim 40, further comprising:
an interface compatible with an E12, E14, E26, E27, or GU-10 lighting

standard.

61. The apparatus of claim 40, further comprising:
30 an interface for insertion into a standard Edison-type lighting socket or a

standard fluorescent-type lighting socket.
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82. An apparatus, conprising: a base; at |east one first conductor coupled
to the base; a plurality of diodes coupled to the at | east one first
conduct orwoabnu34dosf t een 25percent to fifty-five percentcofUsaoiwvugoage of
each diode of substantially all of the plurality of diodes having a |ayer
or region having a first majority carrjer or dopant and the remai ni ng di ode
substrate having a second majority caﬁbl‘er or dopant; at |east one second
conductor coupled to the plurality of diodes; and a plurality of |enses
suspendec%zi nafi rsgsgs%xrgglrn rqlrillgl-coupl ed to the plurality of 30di odes, the
plurality of |enses having at 1east a first index of refraction and the
first pol ynmer havi mgigt/bemsintafasecond, different index of refraction.

83. The appar at us oaf ag:el-ai m 82, wherein a ratio of a nean dianeter or |ength
of the plurality of l1e|’lses to a nean dianeter or length of the plurality of
di odes i s between albait ohefirs@dhduconeopkd:tddhe bmed; two to one (2:1). - 83 -
84. The apparatus of_ glai.m82, wherein a an di ameter or. 1 ength _of the

i urati 1y of i odes TRV eb e MRLE e A RAR S PG Al IhEIE AT | ccs ¢ han
about f orcoyducd@)thamlorlitp of sub8antikhesrhppat divdes hafingd acan d@nctasigesrer that he
plurality,of diod [ bstantially.s ical . substantially toroidal,
subst ant iag lft3}w%n33f @ﬁ)dlr%}(:goélﬁgnd:% Sgl%agr?l)?%ﬁr&z?@gg%g% substantially

rect angul ar, subst antehalohyinfdladr, cogpléxbtd it nhahlity o£dubstpitinbadpherinal dodest anti al |y
rregular. 86, The, apRaLALUS Of.&LAl MRy WRERELD, RS RIS Lol di odes
conprise gallium 10nitr i d ., gal PrUm ar Semn e, or sfyl I con. Y e appar at us
of cli@ mdQies;fand t her conpri si ng: at | east one conductive via
extendi ng between a first si nd a.second sjde qof,.the base and

cor r espondi ngl v coadl Bt PGl rEREERRs iEndhe haebREFu e

conduct ortp the plurality of substantially spherical diodes, the plurality of substantially spherical lenses

having at least a first index of refraction and the polymer having at least a second, different
index of refraction, wherein a ratio of a mean diameter of the plurality of substantially spherical
15 lenses to the mean diameter of the plurality of substantially spherical diodes is between about

ten to one (10:1) and two to one (2:1).

63. The system of claim 62, wherein substantially all of the plurality of

substantially spherical diodes have a substantially hemispherical shell pn junction.

20
64. The system of claim 62, wherein about fifteen percent to fifty-five percent of a
surface of each diode of substantially all of the plurality of diodes has a penetration layer or
region having a first majority carrier or dopant and the remaining diode substrate has a second
majority carrier or dopant.

25

65. The system of claim 62, wherein the comparative size or spacing of the

plurality of lenses provide a mode coupling to the plurality of diodes.

66. The system of claim 62, wherein the plurality of lenses are substantially
30 spherical, hemispherical, faceted, elliptical, oblong, cubic, prismatic, trapezoidal, triangular, or

pyramidal.
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15a conductive backpl ane coupled to the at |east one conductive via and
coupled to or integrated with the second side of the base; and

at | east woeoimswoat or coupled to the plurality of di odesTarsdoioomgns si ng a
plurality of inorganic dielectric particles suspended with a photoinitiator
conmpound in a second polyner or resin_ 20 88. The apparatus of claim 82,
wherein the plurality of |enses conprﬁ%e borosilicate glass or polystyrene
| atex. 89. The appar at us of claim 82, further conprising: 25an i nterface
for insergion into S{ole ket . sappar at,

conpri si nég a base; ﬁle emo anélﬁggf‘?l}eg co%dS ct'o HSSSO?J flradé'\t &EJ ase 30a
pl urali twhmﬁaelmamdjelslurabtymf anlegrzdlytfdnmmproheea% olmeeeif the st le@ommfastor at | east
one Seond SPNPUSH 8L ARLED ot Bl NEURLAY BbbtY Bl FLORES 0 Wi, .
conpri si rag:o&eqpbmh@ ¢haynebdf thepisrebty afishatadrdphre chaneels. ng a pl ur aI ity of indices
of reforaction, wherein a ratio of a nean dianeter or |length of the
plurality of Ienses to a nean dianeter or length of the plurality 35of

di odes of68i s bet vvee'l“rheajzﬂmm oft cdrim 169, x@lweeilﬁm@pm)ali@mf dioes ﬁ@sand@n@@:tck)light- 84 -
91. The aphs Q.. wher of the
plurality 0 1%% s &0t amc hgeh? mlttl rgliz1af)nesaBO alv%lg?rg%g odgs encg s%fag?r(%d | ess than
about fordrgan(czlfg)lt mlumgd@deSSQrathoeolalwphqs(m us of claim 90 vvherel n the
plurality of diodes are substantially spherical, substantially toroidal,
substantially cylindrical, substantially faceted, substantially

rect afgulé@r, subst alﬁteisgdtdnyoﬁdlaa'm 62 pyhesaibgit ahtdliagt dfydiceled ¢optprisedallivor

substanti The apparatus of claim 90, wherein about
fifteen pgtfg%t%flﬁ”tlm ?Smflfie Oﬁlf\i%mper cent of

70. The system of claim 62, further comprising at least one conductive via
extending between a first side and a second side of the base and correspondingly coupled at the

15 first side to the at least one first conductor.

71. The system of claim 70, wherein the base further comprises a conductive
backplane coupled to the at least one conductive via and coupled to or integrated with the

second side of the base.

20
72. The system of claim 62, further comprising:
at least one insulator coupled to the plurality of diodes and comprising a
plurality of inorganic dielectric particles suspended with a photoinitiator compound in a second
polymer or resin.
25

73. The system of claim 62, wherein the base has a substantially flat overall form

factor with or without surface features and has a thickness of less than about two millimeters.

74. The system of claim 62, wherein the base comprises at least one of the
30  following: paper, coated paper, plastic coated paper, embossed paper, fiber paper, cardboard,

poster paper, poster board, wood, plastic, rubber, fabric, glass, and/or ceramic.

75. The system of claim 62, wherein the at least one first conductor comprises at
least one or more of the following: a cured conductive ink, a cured conductive polymer, carbon

35  nanotubes, a metal, a metal alloy, or a combination of metals.
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10 a surface of each diode of substantially all of the plurality of diodes
has a | ayer or region having a first majority carrier or dopant and the
remai ni ngwoizotie3swbstrate has a second majority carrier pom/usopantso1®4. The
apparatus of claim90, wherein the plurality of diodes conprise gallium
15nitride, gallium arsenide, or SI|IC§£ 95. The apparatus of claim 90,
further conprising: f one conductive via extending
between a first side and a second side of the base and correspondi ngly
coupled at the first side to the at |east one first conductor; 20a
conductive backpl ane coupled to the at | east one conductive via and coupl ed
to or int&grated vm'TiHa sjzshien e;‘x‘endzommsﬂmbeeimfheaﬁeasbas:esccoamdonductor comprises at | east

one |nsulat0{ 9 Q %e Q (f Y, of dIO es . an [|S|n 8 pIurallty
1C ﬁ 1S 1sswe con cto1 or con uctive un spen 1n a er, T
of i norgani i e t5¢1Bs suspen%lm thPe g ator. conpound

i n a secanlgr pelliyner or re5|n 25 96. The apparatus of cIa|n190 wherein
the plurality of |enses conprise borosilicate glass or polystyrene | atex.
97. The apparatus of claim90, further conprising: 30an interface for

i nsertior/7i nt o a stlaadestan aiéﬁhimi@mliemjn&eomlily ofS@ighdesThre ampgead, at us of claim

90, wherej a us fle I ). creasable. WO
2011/0345@' rﬁg ﬁﬂ?dﬁ@@?ﬁm rgéhltmﬁﬁﬁ:% 83Hpt§§% it US of claim90, wherein
the plurality of diodes are substantially spherlcal and wherein the

pI ural i ty of | ensesl’h%rsestesrﬁj(pfs ctla%?l% al l S?}Eﬁfura(fl%hoféenses com ng%OrOS%FEQG
nanufacturlng an el ectronic ap aratus sin ormng a

pl ur aloi t yelasf off potystyrano tetkixct or s coupled to a base; coupllng a plurality
of substrate particles to the plurality of first conductors; subsequent to
the coupling to the plurality of first conductors, converting the plurality
of substri& e parti clhesystant of cdailpl6a,r\aheiretirytheﬁntdfao@|'sspmpaoibh:iwigl a HRuEldl ity of

second Cqﬂ%uﬁfporGﬁQH%gﬁngs%nﬁ he plurality of diodes; and

15 80. The system of claim 62, wherein the interface is for insertion into a standard

Edison-type lighting socket.

81. The system of claim 62, wherein the interface is for insertion into a standard
fluorescent-type lighting socket.
20
82. An apparatus, comprising:
a base;
at least one first conductor coupled to the base;
a plurality of diodes coupled to the at least one first conductor, about fifteen
25 percent to fifty-five percent of a surface of each diode of substantially all of the plurality of
diodes having a layer or region having a first majority carrier or dopant and the remaining
diode substrate having a second majority carrier or dopant;
at least one second conductor coupled to the plurality of diodes; and
a plurality of lenses suspended in a first polymer and coupled to the plurality of
30 diodes, the plurality of lenses having at least a first index of refraction and the first polymer

having at least a second, different index of refraction.

83. The apparatus of claim 82, wherein a ratio of a mean diameter or length of the
plurality of lenses to a mean diameter or length of the plurality of diodes is between about ten

35  toone (10:1) and two to one (2:1).
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10depositing a plurality of substantially spherical |enses suspended in a
first polymer, the plurality of substantially spherical |enses having at
| east a fwobit/mse®s of refraction and the first pol yner poaxise@oatsdigast a
second, different index of refraction. 101. The method of clai m 100,
wherein the plurality of diodes are sggstanti ally 15spheri cal,
substantially toroidal, substantially®cylindrical, substantially faceted,
substantially rectangul ar, substantially flat, or substantially elliptical.
102. The nethod of claim 100, wherein the step of depositing further
conprises: printing the plurality of substantially spherical |enses
suspended4i n t he fiThetpRepelof vieim 8} evhetelne: méauriinictey oobngth ofdesplamtityt he
plurality.aof .second conductors. 3. The t hod of .¢claim.100, wherein the
b1t ai |57 Goodie et aha Gl i AP B AR s B B A op o o &
mean di anmeter of the plurality of substantially spherical |enses to a nean
di aneteer Qf the plugality of .diod LS. supstanti all,y ,about. five,to one
(5eny o #8100 b os B F prBrc AR Bl R BB Sl | o
di odes arsehguistubsttntially oraghenbstatialbrglivdniealesubstantiaby facetaf, substamtzatly di anmet er
of the pluralit f. subs Lhal |y s jcal _len mean di anet er of
t he plur arfl!i’lclt%}l u%%’/ S%Stggtgagl y}f%p%)ué) &gégygﬁﬁﬁ{ﬁafto{a%b?t %I%%ﬁ gr%f@?rl) and two to one
(2:1). 105. The nmethod of claim 100, wherein the plurality of diodes are
substantial |y spherj,cal and [ el he. arative size or spacing of the
lurality ot subst g g g REbT i i SRIRRLAG ol ol HonBiss ARTE 70 ¢t he
pl ur aloi t ynitofle, ghlticke srsei}, 30ildod34908PCT/ US2010/ 048918 - 86 - 106. The
met hod of cl aim 100, wherein a nean dianeter or length of the plurality of
di odes is greater than about twenty (20) mcrons and | ess than about forty
(40) mcr&ns. 107.ThEhppanetshod dlaod 82 Ifather d@Prismezer ei n the plurality of
di odes are sem conductor 5|ight. em ttin i.odes, ~0 nicg. light .emdtting
di odes, “encapsul at e cergat nly e b PihertoRAEE 4 8 AT S S B TP g
di odes, che lphotmicotrtspomlirgilyodesled atlix8firstHie torthe holdasodnedirsticondbOOr; wher ei n t he
step Qf depositing th ur.al it f anti.all .l cal _l.enses
sus pel(r%ded inthe fiTs ﬁdl{éJSYeybr%ﬁlfpl%ﬁ(rg?erﬁqiglﬁﬁ rlle%tka%%ézt% E%g{lﬁlenvda ?ild Couﬁed
10pr ef abrtb catnegrated yath theetdnd sidk uf thé basy; aoél di odes, the prefabricated |ayer
]‘EIOPWS){' ; :)lr‘gn;?e Phur Al 8 ¥n@his 3HRTLANL Al IpIR PG bF &ifdes W GG rsHigpended in the
plurality of inorganic dielectric particles suspended with a photoinitiator compound in a second

polymer or resin.

20
88. The apparatus of claim 82, wherein the plurality of lenses comprise
borosilicate glass or polystyrene latex.
89. The apparatus of claim 82, further comprising:
25 an interface for insertion into a standardized lighting socket.
90. An apparatus, comprising:
a base;
at least one first conductor coupled to the base;
30 a plurality of diodes coupled to the at least one first conductor;

at least one second conductor coupled to the plurality of diodes; and

a lens structure coupled to the plurality of diodes, the lens structure comprising
a plurality of lenses and further having a plurality of indices of refraction, wherein a ratio of a
mean diameter or length of the plurality of lenses to a mean diameter or length of the plurality

35  of diodes of is between about ten to one (10:1) and two to one (2:1).
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109. The nethod of claim 100, wherein the plurality of substrate particles
conprise galliumnitride, galliumarsenide, or silicon. 15 110. The net hod
of cl ai mwOQpivdseroei n the step of form ng the pluralitypafi/ustow4gvonduct or s
further conprises: depositing a first conductive mediumwithin a plurality
of channels of the base. 20111. The method of claim 110, wherein the first
conductive nedi um conpri ses a conductive ink or a conductive polyner. 112.
The net hod of claim 110, wherein the first conductive nmedi um conpri ses at

| east one of the follow ng nedia: a silver conductive ink, a copper
conductive ink, a gold 25conductive ink, an alum num conductive ink, a tin
conductivd.ink, a CQRbmmmmundubmhWewmmkhuan@memmwnmﬂm@ﬂbe%mqumnmw or a
conducti v 3. cl ajm .t co r|S|ng
partlalIy%gﬁﬁ?%sgf%m%%n”m?gg%% Qﬁfvg“ﬁé AJ“S abT#ﬁrR%4@ WP od of claim
113, wherein the step of coupllng t he plurallty of substrate partlcles to

t he pIur Hity of fi St condu urt her deposi ting
Wi t hi n t?e pl ural i tj; © 8PP lélsnone alsm ?(51 Whe]iem thff llﬁfqipfngfo ?810%stafeasfl %Stamlal cles
suspendedphanica, gdstantiely tmdcilal;rwbs&mdalB&thlhdrycalcwbstmglatlh@cétcdr substammliuct ive

medi um rel.nthe step of depositing
a first Cr%(%%ilécltar suq)stantiallg% p 8r suBstan%aﬁly i uq]t%cgl or sy stantlg'l% 1ﬁrg,u§\/apor deposi ti ng
or electroplating a netal, a netal aIon, or a conbi nati on of nmetals. 5
116. Theggethod of |alﬁl%%§ﬁca165f n the

conbi nati'doh of neta ea%%“ar ise a 8%%?“%%8 0 G?HgﬂfqﬁPgﬁquépm?m“Of
coppeln, sisuxfare,of pach idelds omubsga:dtiallly allidlf 7he plivalityref diodks bdis achyser bx aglen hamirer e| n the

step of OB nlla?(gitgl (r:]aemé% of ﬁoapalntta¥1d %e remaining diode substrate has a second majority carrier

or dopant.

94. The apparatus of claim 90, wherein the plurality of diodes comprise gallium

15 nitride, gallium arsenide, or silicon.

9s5. The apparatus of claim 90, further comprising:
at least one conductive via extending between a first side and a second side of
the base and correspondingly coupled at the first side to the at least one first conductor;
20 a conductive backplane coupled to the at least one conductive via and coupled
to or integrated with the second side of the base; and
at least one insulator coupled to the plurality of diodes and comprising a
plurality of inorganic dielectric particles suspended with a photoinitiator compound in a second

polymer or resin.

25
96. The apparatus of claim 90, wherein the plurality of lenses comprise
borosilicate glass or polystyrene latex.
97. The apparatus of claim 90, further comprising:

30 an interface for insertion into a standardized lighting socket.
98. The apparatus of claim 90, wherein the apparatus is flexible, or foldable, or
creasable.

PCT/US2010/048918
SUBSTITUTE SHEET (RULE 26) Replacement Sheets



10substrate particles to the plurality of first conductors further

conpri ses: depositing within the plurality of channels the

pl ural i t ywohosuizsiosat e parti cl es suspended in a reacti veCctarseoen4svesli un
removing the reactive carrier nmedium and curing or re-curing the first
conductive nedium 15 118. The nethog of claim 110, wherein the step of
coupling the plurality of substrate p Tticles to the plurality of first
conductors further conprises depositing within the plurality
of channel,s the pluralit S ate spende

ani sot r O[e)dlgc Conductl]irh\?gppr%&us OfCHl 5(5 wthereHlatﬁen%lu ﬁ% 0?%‘1'108 K substa%nuailrl}rbst rate
partlcIe$pmmsﬂendeﬁmfm¢Mhﬂmdnysbknwpmesﬂmmdm@WBMEHmﬁdlun1 119. The net hod
of claim 110, wherein the step of coupling the plurality of substrate
particles to the plurality of first conductors further conprises:

25deposi tiohg Wi t hi M tkopbimadufatriod arctianmnek spitainspthe mathpd yongfrismgbst r at e

parti ¢l es suspende i| ar r,i nd evaporating the
volatﬁle carrier q? ﬁ%amfﬁg%1$ﬁm?“mg(%gsm¥mk?alnffio wherein the step of
cougllng th? pIErakmmymghpB@@mbwhnamewpambkswemnﬂmamhefﬁﬁUMmmﬁMysFf f:rst
conductors further ¢ thin the urality
of channels the pl ura ?t%?he CO%pslinﬁa(fthe lura? elésttgﬁlglug% anvemné carrier

medi um grhdalgn n%bsmg: [IartICEIS imxya pigratltyebfpiodafsal [ t y of subst rate particles
within the plurali thrrrgIlg Y P urap’gl of second CIACH)%SZ g)%p eg thtf?el [?lurality of diodes; and
10 depositing a plurality of substantially spherical lenses suspended in a first
polymer, the plurality of substantially spherical lenses having at least a first index of refraction

and the first polymer having at least a second, different index of refraction.

101. The method of claim 100, wherein the plurality of diodes are substantially
15 spherical, substantially toroidal, substantially cylindrical, substantially faceted, substantially

rectangular, substantially flat, or substantially elliptical.

102. The method of claim 100, wherein the step of depositing further comprises:
printing the plurality of substantially spherical lenses suspended in the first

20 polymer over the plurality of diodes and the plurality of second conductors.

103. The method of claim 100, wherein the plurality of diodes are substantially
spherical and wherein a ratio of a mean diameter of the plurality of substantially spherical

lenses to a mean diameter of the plurality of diodes is substantially about five to one (5:1).

25
104. The method of claim 100, wherein the plurality of diodes are substantially
spherical and wherein a ratio of a mean diameter of the plurality of substantially spherical
lenses to a mean diameter of the plurality of diodes is between about ten to one (10:1) and two
to one (2:1).

30
105. The method of claim 100, wherein the plurality of diodes are substantially

spherical and wherein the comparative size or spacing of the plurality of substantially spherical

lenses provide a mode coupling to the plurality of diodes.
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RECTI FI ED (RULE 91) - | SA/ USRepl acenent Sheets WO

2011/ 034908PCT/ US2010/ 048918 - 88 - 121. The nethod of claim 110, wherein
t he pl ur avotg1aB4mBannel s are spaced-apart and subst ant ipalrlus2@anadosiel .

122. The nethod of claim 110, wherein the plurality of channels are at

| east 5partially hem spherically-shap ? and are disposed in an array. 123.
The met hod of claim 110, wherein the” g urality of channels are spaced-apart
and |l east partially parabolic. 10124. The rret hod of claim 110 wherein the
base further conpri i i dge t d of
claim 1101%8\/\,her ein emeﬁv)ﬁrog lal lt%sfwgerea{ce e%tn &a{? g%rhoéherl? %Of he %?y conpri se
a pl ural idigdeopis gretateeglmahﬂoyt tfwtentmén)) pn@pmwmd lmsthm absufpioy ¢49) mibﬁons 126. The

met hod of claim 125, wherein the plurality of first conductors are coupl ed
to the plurality of integrally formed projections or supports within the

pl urali tyIO@f s pac edrha patiod ohdaimel 09, wimdeinthe peirality disligkepe edmicodpltorng t he
PLUT L ARl SHRTH S BBR! LR 08, RRERHLY Bl RORHGLET

pl ural i t yobfmes liggs ematigs qmie‘slombMO@lt&pémdad in a carrier medium and

anneal ing, or alloying, or chemcally coupling the plurality of substrate
particles to the plurality of first conductors. 25127. The nethod of claim
100, wherl®Bn each sihbsierimtief @aint 106) ‘&hanéintﬂeetepbﬂcleabsiitﬁgg tbﬁfplmlabtytolf ate
particles se em.conduct wherein the s converting the
plural i ty Os?rrplal S flcg}calslensestsucqe (?edlln %he irshgo Hiner ﬂi‘]itllae{ §:/0m rlsds a?t c 4rt her
conprlios egrefabricated layer to the plurdlioy qiﬁdmgleatl’prprqfahnmated)}ayérmommu‘slmghéjlsltmahﬂy@f particle
by dep05| tl nmat er lurality of substrate particles
and anneal' m%lmgu Sgﬁﬁmal lensest%lsepea%e%élﬁﬁi tﬁrst(%\g‘a al"with the 30plurality of
substrate particles. 128 The net hod of claim 127, wherein the annealing or

al I oying 10§ | aser 0Irhe H’Hk claim 100, wherein the plurality of substrate particles comprise

gallium nitride, gallium arsenide, or silicon.

15
110. The method of claim 100, wherein the step of forming the plurality of first
conductors further comprises:
depositing a first conductive medium within a plurality of channels of the base.
20 111, The method of claim 110, wherein the first conductive medium comprises a

conductive ink or a conductive polymer.

112. The method of claim 110, wherein the first conductive medium comprises at
least one of the following media: a silver conductive ink, a copper conductive ink, a gold
25  conductive ink, an aluminum conductive ink, a tin conductive ink, a carbon conductive ink, a

carbon nanotube polymer, or a conductive polymer.

113. The method of claim 110, further comprising:

partially curing the first conductive medium.

30
114. The method of claim 113, wherein the step of coupling the plurality of
substrate particles to the plurality of first conductors further comprises:
depositing within the plurality of channels the plurality of substrate particles
suspended in a carrier medium; and
35 fully curing the first conductive medium.
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annealing or alloying. WD 2011/034908PCT/US2010/048918 - 89 - 129. The
nmet hod of claim 127, wherein the dopant material is a substrate liquid or
film 1380 20he3m®8hod of claim 127, wherein the dopant POmiUS2e18l048938 a
dopant el enent or 5conpound suspended in a carrier. 131. The method of
claim 127, wherein the dopant material _is deposited on a first, upper
portion of the plurality of substraté®particles to formthe plurality of

di odes and wherein about fifteen percent to fifty-five percent of a surface
of each diode of substantially all of the 10plurality of diodes has a
penetration |layer or region having a first majority carrier or dopant and

t he remailibng di oderhsmiegtod at daimakl Oawisednthd swpjo bddpbsjtingar firstepnductidopant .

132, The ek 00 08! Bhiil@ Lo WICLEhNeb il SPULLI PR AL L8l aflf 0des are
l'i ght enf??lng ditodesor p%oPov51t i'c g odes. PHERS 9337 The  nethod of

cl ai m 10®r awbrebieationtohimetplsur al i ty of substrate particles conprise a first
organgc or pol ynmer conpound and wherein the step of converting the
plurality of substrate particles into the plurality of diodes further

conpri seslldeposi t i riheaegwd ohdaior ganwieeron the oleyaienctad eligpo unadnbntagort ¢fe
plurality ct)a]:ls éolilnb%tsg Qttleeastp Qe tof t%le ?0%1bwin134luanQ1lell, rrc?pt hrogillv%t, %kél' orpg:(l)'?d?” wherein

t he secoﬁgzorga I'C or polyrmer conpo§n3 s a F|5ﬁf en1?¥|ng IFayer and
wherein the resulting plurality of diodes are organic light emtting diodes
or polymer..light emtti di.qdes..,25135. The, net hod. of . cl.aim 100, further
compri 31 nd7" depost (g ARgPLAART O I R S E S SO B AP S i thi n 't he
pl ur aloi t ywuldtrageeinkls wohchlatlty f firsl@Bducldiefunberivodpades:cl ai m 100, furt her

conpri sing: 30coupljng.a reflectar or refractor t.o t:h se. .. .137. The
ot hod of o ai m 100D uEea LMl F TS BBl e fof ) oot o

or a reflsegended ipd madtive coricrpaddyuast er coati ng.
removing the reactive carrier medium; and

curing or re-curing the first conductive medium.

15
118. The method of claim 110, wherein the step of coupling the plurality of
substrate particles to the plurality of first conductors further comprises:

depositing within the plurality of channels the plurality of substrate particles

suspended in an anisotropic conductive medium;

20 compressing the plurality of substrate particles suspended in the anisotropic
conductive medium.
119. The method of claim 110, wherein the step of coupling the plurality of
substrate particles to the plurality of first conductors further comprises:

25 depositing within the plurality of channels the plurality of substrate particles

suspended in a volatile carrier medium; and

evaporating the volatile carrier medium.

120. The method of claim 110, wherein the step of coupling the plurality of
30 substrate particles to the plurality of first conductors further comprises:
depositing within the plurality of channels the plurality of substrate particles
suspended in a carrier medium; and
annealing or alloying the plurality of substrate particles within the plurality of
channels.

35
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- 90 - 138.The nethod of claim 100, wherein the base further conprises a
plurality of conductive vias extending between a first side and a second

si de of twe 2omgs4®@ad correspondi ngly coupled at the firecraisd@onesstihe
plurality of first conductors. 5139. The net hod of claim 138, wherein the
plurality of conductive vias conprise g plurality of substantially randomy
di stributed, substantially spherical'é nduct ors. 140. The net hod of
claim 139, wherein the base further conprises a conductive backpl ane

coupl ed tg,the pluralidt f ~.conductive .vi.as,and ¢ |led to or . .integrated
wih the 2hsecond ogaietor GRRRHE MG LB GRRSER sk efSs GG

further codpubsentingly parallel. depositing a plurality of inorganic
dielectric particles suspended with a photoinitiator compound in a second
polymer or resin to forma plurality of insulators 15correspondi ngly
coupl ed ti@2each of Thaeneglodw&tlnitnyl 16f withiroa s plurdd?of chimaclvetchrodasf cl ai m 100,
wher eisn {6 RERENSOTRLASESdl ald3ASiyB0G 0l i TOl 1 Owi ng: paper, coated
paper, pﬂhsil% coat e p%pep, enpossed paper,zyiber paper, cardboard, poster
paper, poster board, wood, plastic, rubber, fabric, glass, and/or ceramc.
L T hod Of AP MO ferlil e BRSO IR LR R &l LY f
second conductors further conpri ses: dbp05|t|n an optically

t ransm ssind &ageadialdyt @rabolic.conduct i ve conpound suspended in a polyner, resin
or other nedia. 144. The nethod of claim 143, wherein the optically
transm ssi ve conductor or conductive conpound suspended in a polyner, resin
or otler Ire¢di a f urtThemetwdpf ¢lsies! 18 wheees the base fafhet drenpirists|agpiralify o€ ar bon
nanotube§m>@@%hqgny tin oxide, indiumtin oxide, or
polyethyle%edld%rthiophene. 145. The net hod of cl aim 100, wherein the
form ng, coupling and converting steps are perfornmed by or through a

printing IEFOCGSS' Theléle%g;gpc aigleltllao\ghe?gin ﬁlleaiurrglii'?ﬁ())fisga}{\({(e]g—%ea:rtnchgrpn%lspl ural ity of

substantially spherica enses conprise boro ate ass or polystyrene
| at ex. further comprise a plurality of integrally formed projections or supports.
15
126. The method of claim 125, wherein the plurality of first conductors are coupled

to the plurality of integrally formed projections or supports within the plurality of spaced-apart
channels and wherein the step of coupling the plurality of substrate particles to the plurality of
first conductors further comprises:
20 depositing within the plurality of channels the plurality of substrate particles
suspended in a carrier medium; and
annealing, or alloying, or chemically coupling the plurality of substrate

particles to the plurality of first conductors.

25 127. The method of claim 100, wherein each substrate particle of the plurality of
substrate particles comprises a semiconductor and wherein the step of converting the plurality
of substrate particles into the plurality of diodes further comprises:

forming a pn junction in each substrate particle by depositing a dopant material
onto the plurality of substrate particles and annealing or alloying the dopant material with the

30 plurality of substrate particles.

128. The method of claim 127, wherein the annealing or alloying is laser or thermal

annealing or alloying.
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- 91 - 147.The nethod of claim 100, further conprising: attaching an
interface for insertion into a standardi zed |ighting socket. 5148. The

met hod ofwol2aim319hg, wherein the interface i s conpati bl ecuuskoian4di®, E 14,
E26, E27, or GJ-10 lighting standard. 149. The net hod of claim 147, wherein
the interface is conpatible with a stggdard Edi son-type |ighting socket. 10
150. The nethod of claim 147, wherein®fhe interface is conpatible with a
standard fl uorescent- type Ilghtl ng socket. 151. A method of manufacturing
an el ectrgpi c appargtus, the method in LM n | east one
first con gct or coup mci:’tlio OFCI%I ﬁc} WﬁergR{he%Ll% tm%Tena 1s|asu9ﬁtra{ehqo L ubst r at e
particl edilno the at |east one fi rst conduct or; subsequent to the coupling
to the at | east one first conductor, converting the plurality of substrate
particles into a plurality of diodes; form ng at |east one
second caiduct or cdmelnedloﬂ@fdzlhiel P7uwledréin she dbpastipst@a s .edopynt 2Bsiphter i cal

di ode% and uspended i nac Fr(l)SI ting a plurality of substantially spherical

| enses susp ndleﬁ PR & 1178 pol ymer, wherein the plurality of substantially
spherical |enses have at |east a first index of refraction and wherein the
first pol r has | east r ct
25152. The%gt hod 01?11; hglmzf"%Odfg(ilgl%vxﬁqf‘gkllegelg te d&?amm?t gl% JGROS J%e %r(rgpor | ength
of the pluppalpottipn of ths plostignifisatisiryte sq[rheles toacbrmltbmﬁe@lmy@f diodmand dhanit er or
llgggt _rllhgfabm?%ftgeng#‘e?cewtgﬁﬁﬁgf)(ie Beqeesnt (éts a surt acfeto Q&c %odgofa Slljlgsl’g &afgl aﬁ% ;f?h gpel éﬁg%?‘]
of the 3Gralitabf dlydeshasamsdztanon laydry)r s:ghetha\o@ aﬁlensqsﬁt'yoaraemdnpadt adet er or
| ength of the plura Ve ten to one (10:1) and
two to or%}e1 r&;%n diogﬁ ragefrljﬁ:aestaﬁ(e)(:(fnd1inajc°if1]E mféir dop netr ein a nean di anmeter or
length of the plurality of diodes is greater than about twenty (20) m crons
and | ess I%E.an aboUtThfe%{eE%dgflglimrQZQr\gﬂ]éem the resulting plurality of diodes are light

emitting diodes or photovoltaic diodes.

15
133. The method of claim 100, wherein the plurality of substrate particles comprise
a first organic or polymer compound and wherein the step of converting the plurality of
substrate particles into the plurality of diodes further comprises depositing a second organic or
polymer compound onto the plurality of substrate particles.

20
134. The method of claim 133, wherein the second organic or polymer compound is
a light emitting layer and wherein the resulting plurality of diodes are organic light emitting
diodes or polymer light emitting diodes.

25 135. The method of claim 100, further comprising:

depositing a plurality of third conductors over or within the plurality of second

conductors.
136. The method of claim 100, further comprising:

30 coupling a reflector or a refractor to the base.
137. The method of claim 100, wherein the base further comprises a Bragg reflector

or a reflective plastic or polyester coating.
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35 PCT/ US2010/ 048918 RECTI FI ED (RULE 91) - | SA/ USRepl acenent Sheets - 92 -
155. The nmet hod of claim 151, wherein the plurality of diodes are

sem conduwwoaniididgis emitting di odes, organic |ight em t®Pcmgisdiiodes1s
encapsul ated organic light emtting diodes, polynmer light emtting diodes,
or photovol taic diodes. 5156. The nethg@ of claim 151, wherein the step of
depositing a plurality of substantially spherical |enses suspended in a
first polyner further conprises: attaching a prefabricated

| ayer f[O 1t3§.e pl ur allil{eXneﬁ{odg);‘a%nensl’OOt hl?elrgrrl %E%ereiﬁgr%ereg Il’ll W& [H?ra ! i()§i ng the
plurality of substantially sp Erical 1enses suspended 1n €911 st pol ymer .
10157. Theondihadvisfexechdingbehbdken aihe s@e and hecqidyidabf thy bat asdubst rat e particl es

conprise galliummnitri all j um.arseni siljcon. 158. The nethod of
crarm 159l ChbPEr B PR GRS o SbE8Re (1o conduct or
further conprises: 15depositing a first conductive nmedium 159. The net hod

of claimigs, vhereyn {hGLF0sh CANIHEL) e TR P SOTRRISES Ahohedst one of
the followng nedia: a silver conductive I RK g’copper condyctPve % nk, a
gol d conduwtlity ef suhigntiaily mhdimmin diniribotad walistangaliyrskherimaltcomluciorsduct i ve i nk, a
carbon conductive ink, a 20carbon nanotube polynmer, or a conductive
polymer. 160. The nethod of claim 158, wherein the step of depositing a

first condlctive nekhemrtiodopelhiselsdsphardiethe bgse fiotdat cangrisssapondwdaposi ti ng or
el ectropl.at, a netal, a al. all g or .a, combi,nati.qn of tals. 25 161.
The et nadcisrre Pl e PRRERENSiEsahrm GOFR W 8085t TBLBE et on o
nmet al 9 conpni side aftht¢ Bast one of the foll ow ng: al um num copper, silver,

ni ckel, or gold. 162. The nethod of claim 158, wherein the step of
coupling the plurality of 30substrate particles to the at |east one first
conduct orl4iurt her Cclweprett®dsf claim 100, further comprising:

depositing a plurality of inorganic dielectric particles suspended with a
photoinitiator compound in a second polymer or resin to form a plurality of insulators

15 correspondingly coupled to each of the plurality of diodes.

142. The method of claim 100, wherein the base comprises at least one of the
following: paper, coated paper, plastic coated paper, embossed paper, fiber paper, cardboard,
poster paper, poster board, wood, plastic, rubber, fabric, glass, and/or ceramic.

20
143. The method of claim 100, wherein the step of forming the plurality of second
conductors further comprises:

depositing an optically transmissive conductor or conductive compound

suspended in a polymer, resin or other media.

25
144. The method of claim 143, wherein the optically transmissive conductor or
conductive compound suspended in a polymer, resin or other media further comprises at least
one of the following: carbon nanotubes, antimony tin oxide, indium tin oxide, or polyethylene-
dioxithiophene.

30
145. The method of claim 100, wherein the forming, coupling and converting steps

are performed by or through a printing process.

146. The method of claim 100, wherein the plurality of substantially spherical

35  lenses comprise borosilicate glass or polystyrene latex.
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depositing the plurality of substrate particles suspended in a reactive
carrier nmediunm renoving the reactive carrier medium and curing or

re-curi ngwoheitfass®s conductive medium 35 PCT/ US2010/ 048eT8SREGDEHED ( RULE
91) - | SA/USRepl acenent Sheets - 93 - 163. The method of claim 151,
wherein the step of coupling the plur Lity of substrate particles to the at
| east one first conductor further coﬁg i ses: depositing the
plurality of substrate particles suspended in an ani sotropic conductive
medi um 5conpressing the plurality of substrate particles suspended in the
ani sotropi ¢ conductive nedium 164. The nethod of claim 151, wherein the
step of cddpling t Héemicthodlof ¢lyimof00sfubibdrcamprisp@r ti cles to the at | east one
fi I‘Sf[ conductor fur thEI‘lIin Can gr.asceﬁ):rin]SQ%E %Jgsi?{]n%artdlr%gdplh%kals(;c}(% .Of substrate
particles suspendeci1 R RVREETER B R A S B umy and ev porating the
volatile carrier nmedium 165. The nethod of claim 151, wherein the step of

coupl i;ng be pl ur al by, ol 1oSURSE Al R BRTALGLES. LOohDSisAliegigl p0ne i st
conductor Tfurther conprises: %1eposi ting hhe plural’l lt“l} ol substrate
parti cl e£1dusiveRtiedr Gh- 18 lighting semdarddi um  and
149. The method of claim 147, wherein the interface is compatible with a standard
Edison-type lighting socket.
10
150. The method of claim 147, wherein the interface is compatible with a standard
fluorescent-type lighting socket.
151. A method of manufacturing an electronic apparatus, the method comprising:
15 forming at least one first conductor coupled to a base;

coupling a plurality of substrate particles to the at least one first conductor;
subsequent to the coupling to the at least one first conductor, converting the
plurality of substrate particles into a plurality of diodes;
forming at least one second conductor coupled to the plurality of substantially
20 spherical diodes; and
depositing a plurality of substantially spherical lenses suspended in a first
polymer, wherein the plurality of substantially spherical lenses have at least a first index of

refraction and wherein the first polymer has at least a second, different index of refraction.

25 152. The method of claim 151, wherein a ratio of a mean diameter or length of the
plurality of substantially spherical lenses to a mean diameter or length of the plurality of diodes

is substantially about five to one (5:1).

153. The method of claim 151, wherein a ratio of a mean diameter or length of the
30 plurality of substantially spherical lenses to a mean diameter or length of the plurality of diodes

is between about ten to one (10:1) and two to one (2:1)

154. The method of claim 151, wherein a mean diameter or length of the plurality of
diodes is greater than about twenty (20) microns and less than about forty (40) microns.

35
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annealing or alloying the plurality of substrate particles to or with the
at | east one first conductor. 20 166. The nethod of claim 151, wherein
each subswoava/Bassi cl e of the plurality of substrate pactiusb@s/oednmpri ses a
sem conductor and wherein the step of converting the plurality of substrate
particles into the plurality of di odeg further conprises:

formng a pn junction in each substra 2 particle by depositing a dopant

mat erial 25onto the plurality of substrate particles and annealing or

al I oyi ng e dopant mat riag with,th lyrality of.subsirat.e particles.

T67" The et hod o R a1l Bbcr kB o Mer P e Bhickty SR RS RE ) Sser o
t her mal digheahiiting dedesabiganié hght eBBtinglB@les, Thapsmbithionlganfc lghadinmitibgdiodwher ei n

t he dopant , materi.al .J.s ubstrate l.iquid or filmor a dopant el enment or
compound FRHeRE et fodts, S phRIRHOIE. Deo ! 1 P othod of cl ai m 166,

wherein the dopant material is deposited on a first, upper portion of the
plurality of substrate pantigles to form.th ral.lty of di odes and
vvhereisn algg'ut fi fte@rel nbeglrogé)%%lal olsfli\?lf?e-lml[h\?e“% g#%egﬂstmn apgurglllj f gce of each

di ode of ssbrtmitiahtspbdricyl ladsks sofpended iph Grsapdlyyerdiirthdi cohgsis¢ésas a | ayer or region
having a first majority carrd.er or. do t and. t he. 5remai ning. di ode
substrate has a secagﬁ%jynr‘%aaﬁpéerflla ri?atg%%a ?rggﬁl&p ﬂnglﬁ?'a(%d.lo e&%.prefﬁq%c%g(?%%% of

cl ai m 15Xomphigngthepluhaityplfsutatantiatly sphesivdd ddnsatsesppaiet inctheSrscigmpnérse a first
organi c or polynmer conpound and wherein the step of converting the
plurality of substrate particles into the plurality of diodes further
conpriosesis@deposi t i righemegwd ondaior Fanviccron tht Ppodliynelisulgsomnte pamidicoanprisdie

pl ural i tyaﬁifu Snli'ttr)lﬁé[:rQltliﬁm%asretihecloessﬁicon171' The net hod of claim 151, further
conpri si rﬁg: Hleposrtgl ng at 1'east >one third conductor over or within the at
| east one second conductor. 15 172. The method of claim 151, wherein the

base furtfagr comprifes, & BuA0% Rh! EREAR 12eh of BEhRE M YFIR! BRLAG OF
pol yest er “coat i ng.
conductor further comprises:

15 depositing a first conductive medium.

159. The method of claim 158, wherein the first conductive medium comprises at
least one of the following media: a silver conductive ink, a copper conductive ink, a gold
conductive ink, an aluminum conductive ink, a tin conductive ink, a carbon conductive ink, a

20 carbon nanotube polymer, or a conductive polymer.

160. The method of claim 158, wherein the step of depositing a first conductive
medium comprises sputtering, coating, vapor depositing or electroplating a metal, a metal alloy,
or a combination of metals.

25
161. The method of claim 160, wherein the metal, metal alloy, or combination of

metals comprise at least one of the following: aluminum, copper, silver, nickel, or gold.

162. The method of claim 158, wherein the step of coupling the plurality of
30 substrate particles to the at least one first conductor further comprises:
depositing the plurality of substrate particles suspended in a reactive carrier
medium;
removing the reactive carrier medium; and
curing or re-curing the first conductive medium.

35
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173. The nethod of claim 151, wherein the base further conprises: 20a
plurality of substantially randomy distributed, substantially spherical
conduct orwoentigéorg between a first side and a second gcuasedionm®ibase and
correspondi ngly coupled at the first side to the at |east one first
conductor; and a conducti¥§ backpl ane coupled to the plurality
of conductive vias and coupled to or rniegrated wth the second side of the
base. 25 174. The nmethod of claim 151, further conprising: depositing a

plural ity of inorgapi.c digleghil GPafLlgl esstes‘o’ﬁg)%“ﬁ’neq Mt 2;@ jphot oi ni tiator
conpound i a second polyner or resin ?ol?orﬂ1a Peé%? BRe" YRS ul at or
coupl ed tsobstrate ppiticieatoi theyat ddfastebine flasconductor furfhigbcomphigeset hod of ¢l ai m 151,

wherein the step ofy[QrILNG fi}iobe LS8 QNI SELONd CONFUEL QTopur ¢ her
conpri ses: positing an optical 1y tFansm ssi've cénduct or or

conduct i wendotipouetdinguspended in a polynmer, resin or other nedia.

PCT/ US2010/ 048918 RECTI FI. E ULE 91) .-. | SA/ USRepl acenent Sheets - 95 -
176. The met hod of  aPapie izt (et by SR RERRY BRI e BIREMRE sndoct o
or conducbhdveticonglwmmd suspended in a polymer, resin or other nedia further
conprises at |east one of the foll ow ng: carbon nanotubes, antinony tin
oxide, indiumtin oxide, or polyethylenedioxithiophene. 5 177. The nethod
of claimlbsl, wher €iha nickiedpf dnial 15t ywldreis tho stepnf ¢oambliing thpflemlitgal | enses

conpri se b stcrgfei LiERL 8l 335 Qhe B YRhNE GG 1kl 8isest /8- The method of claim
151, wheréin the or m ng, coup?lng an conver?lﬁb Steps 10are performed by
or thiwough a pri nt idepospingetegdurality of substrate particles suspended in a volatile carrier

medium; and

evaporating the volatile carrier medium.

165. The method of claim 151, wherein the step of coupling the plurality of
15 substrate particles to the at least one first conductor further comprises:
depositing the plurality of substrate particles suspended in a carrier medium;
and
annealing or alloying the plurality of substrate particles to or with the at least
one first conductor.
20
166. The method of claim 151, wherein each substrate particle of the plurality of
substrate particles comprises a semiconductor and wherein the step of converting the plurality
of substrate particles into the plurality of diodes further comprises:
forming a pn junction in each substrate particle by depositing a dopant material
25 onto the plurality of substrate particles and annealing or alloying the dopant material with the

plurality of substrate particles.

167. The method of claim 166, wherein the annealing or alloying is laser or thermal
annealing or alloying.

30
168. The method of claim 166, wherein the dopant material is a substrate liquid or

film or a dopant element or compound suspended in a carrier.
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179. The nethod of claim 151, further conprising: attaching an interface
for insertion into a standardi zed lighting socket. 15180. The net hod of

cl ai m 179vowhermsikwst he i nterface is conpatible with an BC2/USED1DA48IERG, E27,
or GJ10 lighting standard. 181. The nethod of claim 179, wherein the
interface is conpatible with a standard Edi son-type |ighting socket. 20
182. The nethod of claim 179, wherei i’the interface is conpatible with a
standard fluorescent-type lighting socket. 183. A method of manufacturing
an el ectrgni c_syst e, {6 TRHAGH EOMRELR a%nAPLAEEL ARl £ast rone. 1T st
conductor Coupled to a base; coupling ap aral |lfly of “substrale particles to
t he at | empér porien bf ths plucbindifcttstrate porisdeytb iforgy thdygumplityrodiiotlas aod wherbigt r at e
particles,into a plurali of substantially optical r.esona i odes;
Porm ng- aboiteedh BrahaL by %% sREb ArhE o e ls P plonl R gL o e

subst ant ipddrhiyty 80dpdes b@&l d lyyer esogiambaviligoades;maleppsdrtierogdepaptiand giei ty of | enses
suspended_in a first polyner. wherein the plurality of | enses have at | east
a fi rgt iR %an%fhofiee uP%Eattél/}grslager? né\/a\ﬂ@f)relt N lgor#jlo?aé#' pol ymer has at |east a
second, different index of refraction; and attaching an interface for

i ti [t t di g ti . ket ... 35. P 2010/ 0489.18
T P, ARG ) AT R RN 1A

a first organic or polymer compound and wherein the step of converting the plurality of
substrate particles into the plurality of diodes further comprises depositing a second organic or

10 polymer compound onto the plurality of substrate particles.

171. The method of claim 151, further comprising:
depositing at least one third conductor over or within the at least one second
conductor.

15
172. The method of claim 151, wherein the base further comprises a Bragg reflector
or a reflective plastic or polyester coating.

173. The method of claim 151, wherein the base further comprises:

20 a plurality of substantially randomly distributed, substantially spherical
conductors extending between a first side and a second side of the base and correspondingly
coupled at the first side to the at least one first conductor; and

a conductive backplane coupled to the plurality of conductive vias and coupled
to or integrated with the second side of the base.

25
174. The method of claim 151, further comprising:

depositing a plurality of inorganic dielectric particles suspended with a
photoinitiator compound in a second polymer or resin to form at least one insulator coupled to
the plurality of diodes.

30
175. The method of claim 151, wherein the step of forming the at least one second
conductor further comprises:

depositing an optically transmissive conductor or conductive compound
suspended in a polymer, resin or other media.

35
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WD 2011/ 034908PCT/ US2010/ 048918 - 96 - 184. The nethod of claim 183, wherein
the plurality of substantially optically resonant diodes are substantially
spheri calwo=ohgi3aesi al | y toroi dal, or substantially cyl ipognisec@lo/o4sb8y. The
met hod of claim 183, wherein the plurality of diodes are sem conductor
5light emtting diodes, organic light emtting di odes, encapsul ated organic
light emtting di odes, polyner Iight'g itting diodes, or photovoltaic
di odes. 186. The nmethod of claim 183, wherein the step of depositing a
plurality.-of |enses.,suspended .in-a first pol r.further c [ises:
10attachﬂg§'a prefa}Fﬁgéog ?83§BP%1%H?%%“%PH%%FYF?“%?“%%%?@@@?y“resonant
di odes, tdeedyotief@mnpbwdtsegehdry @r a wudymer) ssimgr dthee nphia fathct gonglisésenbes
suspended_in.the first | ymer.. . 187 The nethod. of . clajm 18 erein the
Step of 18F n o kD R IRGneshfine i A B Rl O
15deposi tdiexgthmpliane.st conductive medium 188. The nmet hod of claim 187,
mheregn the step of coupling the plurality of substrate particles to the at
| east "one first conductor further conprises: depositing the plurality of
substrat e7parti cl eslhsuspeddédainnl 54, wigach the lucaity ofenbs2@tiaycipbericalr enovi ng t he
reactive carrier .nedi u ngd._curin r fe-curing the first conductive
medi um 11@8*” gﬁﬁgFﬁg%m§§g§fg'%?%%%?e%ﬁ%rein the step of coupling the
plurality of 25substrate particles to the at |east one first conductor
fS 3; ;gﬁaegﬁ?ﬁ r IaS g;r r']ﬁ% I%ﬁn‘lé)t :oﬁ %}ai%lhf% 1 ,p \!vl%lel}ée}rll {};[e)for%ng? go%%firﬁgaa;[nﬁ c r?\llélttfn(g: ! s?e%s

10 are performed by or through a printing process.

179. The method of claim 151, further comprising:

attaching an interface for insertion into a standardized lighting socket.

15 180. The method of claim 179, wherein the interface is compatible with an E12,
E14, E26, E27, or GU-10 lighting standard.

181. The method of claim 179, wherein the interface is compatible with a standard

Edison-type lighting socket.

20
182. The method of claim 179, wherein the interface is compatible with a standard
fluorescent-type lighting socket.
183. A method of manufacturing an electronic system, the method comprising:

25 forming at least one first conductor coupled to a base;

coupling a plurality of substrate particles to the at least one first conductor;

converting the plurality of substrate particles into a plurality of substantially
optically resonant diodes;

forming at least one second conductor coupled to the plurality of substantially

30  optically resonant diodes;

depositing a plurality of lenses suspended in a first polymer, wherein the
plurality of lenses have at least a first index of refraction and wherein the first polymer has at
least a second, different index of refraction; and

attaching an interface for insertion into a standardized lighting socket.

35
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30 and conductor. annealing the plurality of substrate particles to or with
the at |least one first PCT/US2010/048918 RECTI FI ED (RULE 91) -

| SA/ USRepivecenmaiisoSheet s - 97 - 190. The nethod of cl aPorAB3¢10msdei N each
substrate particle of the plurality of substrate particles conprises a

sem conductor and wherein the step of gonverting the plurality of substrate
particles into the plurality of optiég 'y resonant di odes further

conprises: formng a pn junction in each substrate particle by depositing a

dopant malt8(2rI al 50nlt et odpkq fh8t3 IQJrelsHlbsfura?it,y ofR8h %ﬁ%lrya({p%caqlganpeal ing or

al l oyi ng the dopant mater a of " 3} rticles.

191. The ro®hémvdiodds acd substanti8iBy sphenichh ewbsteotimbly t@didg,; orddpwstldllnghlatrlcdileast one
third conductor over or within the at | east one second 10conductor. 192.
The nethod of claim 183, wherein the base further conprises:

a plural i18y. of sub§ﬂammﬂaﬂb9dManﬂﬁnwyﬂdhQmmhmumed%ﬁ@hbgtamemMMgmsphericaI
conduct or,s, ext. i bet wee flrst de and econ e base and
cor r espor i atEng uler PRReRerf sl ufleERaBPRuR REERR Y BLER TR MR, ot
conductoqmbmwdﬁgnmmﬂmgdmmmanpmndwhmcdmd@ackplane coupled to the plurality
of conductive vias and coupled to or integrated with the second side of the
base. 193. The nethod of claim 183, further conprising: 20depositing a

pl uralityl86f i nor gdrhemettiodloédaim I83pahdréicthestep uqppodiae apldrhlita of lenses

suspended in a first polymer further comprises:
10 attaching a prefabricated layer to the plurality of optically resonant diodes, the
prefabricated layer comprising the plurality of lenses suspended in the first polymer.

187. The method of claim 183, wherein the step of forming the at least one first
conductor further comprises:

15 depositing a first conductive medium.

188. The method of claim 187, wherein the step of coupling the plurality of
substrate particles to the at least one first conductor further comprises:
depositing the plurality of substrate particles suspended in a reactive carrier
20 medium;
removing the reactive carrier medium; and

curing or re-curing the first conductive medium.

189. The method of claim 183, wherein the step of coupling the plurality of
25  substrate particles to the at least one first conductor further comprises:
depositing the plurality of substrate particles suspended in a carrier medium;
and
annealing the plurality of substrate particles to or with the at least one first
conductor.

30
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photoi nitiator conmpound in a second polynmer or resin to format |east one
I nsul ator coupled to the plurality of optically resonant diodes. 194. The
met hod ofwol2aim3i®8, wherein the plurality of substanti aciryussgpoessosal

25|l enses conprise borosilicate glass or polystyrene |atex.

195. The net hod

of claim 183, wherein the formng, coggling and converting steps are

performed by or through a printing process.

190. The method of claim 183, wherein each substrate particle of the plurality of

substrate particles comprises a semiconductor and wherein the step of converting the plurality

of substrate particles into the plurality of optically resonant diodes further comprises:

forming a pn junction in each substrate particle by depositing a dopant material

5  onto the plurality of substrate particles and annealing or alloying the dopant material with the

plurality of substrate particles.

191. The method of claim 183, further comprising:

depositing at least one third conductor over or within the at least one second

10 conductor.

192. The method of claim 183, wherein the base further comprises:

a plurality of substantially randomly distributed, substantially spherical

conductors extending between a first side and a second side of the base and correspondingly

15 coupled at the first side to the at least one first conductor; and

a conductive backplane coupled to the plurality of conductive vias and coupled

to or integrated with the second side of the base.

193. The method of claim 183, further comprising:

20 depositing a plurality of inorganic dielectric particles suspended with a

photoinitiator compound in a second polymer or resin to form at least one insulator coupled to

the plurality of optically resonant diodes.

194. The method of claim 183, wherein the plurality of substantially spherical

25 lenses comprise borosilicate glass or polystyrene latex.

195. The method of claim 183, wherein the forming, coupling and converting steps

are performed by or through a printing process.
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