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FIELD OF THE INVENTION

The present invention in general is related to electronic display
technology and, in particular, is related to an electronic display or power generating
technology capable of being printed or coated on a wide variety of substrates, and

10 which further may be electronically addressable in various forms for real-time display
of information.
BACKGROUND OF THE INVENTION

Display technologies have included television cathode ray tubes, plasma

displays, and various forms of flat panel displays. Typical television cathode ray tube

15 displays utilize an emissive coating, typically referred to as a “phosphor” on an interior,
front surface, which is energized from a scanning electron beam, generally in a pattern
referred to as a raster scan. Such television displays have a large, very deep form
factor, making them unsuitable for many purposes.

Other displays frequently used for television, such as plasma displays,

20 while having a comparatively flat form factor, involve a complex array of plasma cells
containing a selected gas or gas mixture. Using row and column addressing to select a
picture element (or pixel), as these cells are energized, the contained gas is ionized and
emits ultraviolet radiation, causing the pixel or subpixel containing a corresponding
color phosphor to emit light. Involving myriad gas-containing and phosphor-lined

25  cells, these displays are complicated and expensive to manufacture, also making them
unsuitable for many purposes.

Other newer display technologies, such as active and passive matrix
liquid crystal displays (“LCDs”), also include such pixel addressability, namely, the
capability of individually addressing a selected picture element. Such displays include

30  acomplex array of layers of transistors, LCDs, vertically polarizing filters, and
horizontally polarizing filters. In such displays, there is often a light source which is

always powered on and emitting light, with the light actually transmitted controlled by
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A further need remains for a dynamic electronic display which provides
for pixel addressability, for the display of dynamically changing information. Such a
20  display further should be capable of fabrication using printing or coating technologies,
rather than using complicated and expensive semiconductor fabrication techniques.
Such a display should be capable of fabrication in a spectrum of sizes, from a size
comparable to a mobile telephone display, to that of a billboard display (or larger).
Such a display should also be robust and capable of operating under a wide variety of
25  conditions.
SUMMARY OF THE INVENTION
The exemplary embodiments of the present invention provide a new
type of electronic display and a new method of manufacturing such a display, using
printing and coating technologies. The inventive electronic display may be regional or
30  static, such as for signage, or which may be addressable, such as for the display of
changing information. The inventive display may be fabricated in a wide variety of

sizes, from a size comparable to a mobile telephone dispiay, to that of a billboard



out door signage. In addition, for various applications, such an
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15 applications or other applications in environnments having variable
condi tions. Another version of the electronic apparatus should
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20 medium to form a plurality of second conductors. The exemplary method may also

further comprise depositing a third conductive medium over or within the plurality of
second conductors.
Also for selected exemplary embodiments, the step of depositing the
first conductive medium further comprises coating the plurality of cavities with the first
25 conductive medium and removing excess first conductive medium by scraping a
surface of the substrate using a doctor blade. Similarly, the step of depositing the
plurality of electronic components further comprises coating the plurality of cavities
with the plurality of electronic components and removing excess plurality of electronic
components by scraping a surface of the substrate using a doctor blade.
30 In an exemplary embodiment, the plurality of electronic components are
suspended in a binding medium, which may be cured while the plurality of electronic

components are oriented by the applied field. Typically, the cured binding medium has
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20 The applied field may be an electric field, a magnetic field, or an
electromagnetic field, for example. In addition, the exemplary method may further
comprise applying a sonic field subsequent to or during the deposition of the plurality
of electronic components, or vibrating the substrate subsequent to or during the
deposition of the plurality of electronic components.

25 In an exemplary embodiment, the deposition steps further comprise at
least one of the following types of deposition: printing, coating, rolling, spraying,
layering, 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, Gravure

30  printing, and/or printing.
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20 and all are within the scope of the present invention, with a size, shape, or composition
selected for any given application, for example.

In another exemplary embodiment, a method of manufacturing an
electronic apparatus comprises: depositing a first conductive medium within a plurality
of cavities of a substrate to form a plurality of first conductors; depositing a plurality of

25  electronic components within the plurality of cavities; orienting the plurality of
electronic components using an applied field; and depositing a second, optically
transmissive conductive medium to form a plurality of second conductors.

In yet another exemplary embodiment, a method of manufacturing an
addressable light emitting display comprises: depositing a first conductive medium

30 within a plurality of cavities of a substrate to form a plurality of first conductors; curing

the first conductive medium using applied ultraviolet radiation or applied heat;

depositing a plurality of light emitting electronic components within the plurality of
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20 material may be coupled to each of the plurality of light emitting diodes.

In another exemplary embodiment, a power generating apparatus
comprises: a substrate; a first conductor coupled to the substrate to form a singular,
first conductive layer having a first and substantially flat orientation; a plurality of
photovoltaic diodes coupled to the first conductor and having a second orientation

25  substantially normal to the first orientation; and a substantially optically transmissive
second conductor coupled to the plurality of photovoltaic diodes to form a singular,
second conductive layer having the first and substantially flat orientation.

The substrate may be substantially flat and have a thickness of less than
two millimeters. For example, the substrate may comprise at least one of the following

30 types of substrates: paper, coated paper, plastic coated paper, embossed paper, fiber
paper, cardboard, poster paper, poster board, wood, plastic, rubber, fabric, glass,

ceramic, concrete, or stone.
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abutment, or may be annealed to or within the plurality of first conductors. In addition,
the plurality of first conductors, the plurality of light emitting or other type of diodes
20 and the plurality of second conductors may be deposited through a printing process. In
addition, the various diodes may be asymmetrically shaped to have a mushroom form,
or an inverted-mushroom form, or a tower form, for example.
In yet another exemplary embodiment, an addressable apparatus
comprises: a substrate having a plurality of cavities; a plurality of first conductors
25  coupled to the substrate and at least partially within the cavities, the plurality of first
conductors having a first and substantially parallel orientation; a plurality of electronic
components coupled to the plurality of first conductors and having a second orientation
substantially normal to the first orientation; and a plurality of second conductors
coupled to the plurality of electronic components and having a third orientation
30  substantially normal to the second orientation and substantially perpendicular to the

first orientation.
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cavities; ura conductors
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conductors having a first d s tantiall raIIeI orientation; a
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subst ant '8P °BEFB”-ndi cul ar to the first orientation. - 8 -

In such exemplary embodiments, the substrate may have a plurality of
cavities which are substantially elongated and substantially parallel within the first
orientation, or the substrate may have a plurality of cavities which are substantially and

20 partially hemispherically-shaped and are disposed in an array. The first conductor may
also further comprise a plurality of first conductors, each of the first conductors having
a first portion substantially disposed within the plurality of cavities; and a second
portion substantially elongated and substantially parallel within the first orientation. In
another embodiment, the first conductor may further comprise a plurality of

25  substantially parallel first conductors, and the second conductor may further comprises
a plurality of second conductors, each of the second conductors substantially parallel
and substantially perpendicular to the plurality of first conductors.

Numerous other advantages and features of the present invention will
become readily apparent from the following detailed description of the invention and

30 the embodiments thereof, from the claims and from the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
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30 the enbodi ment s fugrh b0 1 N | ai-ns_and from t he acconpanyi ng
drawi ngs. BRI EF DEE‘&%%%QOQ'%:P%?@ %fzglﬁkl View ‘ﬁja- it Cxdtnpliey S‘%%ﬁ‘é
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Figure (or “FIG.”) 6 is a cross-sectional view of the first exemplary

substrate with a plurality of first conductors and a plurality of electronic components
25  having been deposited for an apparatus embodiment in accordance with the teachings
of the present invention.
Figure (or “FIG.”) 7 is a cross-sectional view with an electronic
equivalent circuit element of an exemplary electronic components oriented in an
applied field for an apparatus embodiment in accordance with the teachings of the

30  present invention.



5wi t h al phabetic characters are utilized to identify additional

types, i antiations or variations of a selected conpo
enbodi rreﬁé?ﬂ]tsklﬁ@ﬁgari ous views, in which: Figure (or " E?@US%OO?O?S&?’%

perspective view of a first exenplary substrate 100 for an apparatus
enbodi ment in accordance with the teagfhings of the present invention.
10Figure (or "FIG") 2 is a cross-sectional view of the first

exenpl ary substrate 100 for an apparatus enbodi nent in accordance
with the teachi ngs Fogurt (e ‘Ppi@SeRits a4 paepdctiosiview of a second exemplrgur e (or
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inventio . j " ").06.18 Cr 0ss-sectional i ew
of the. 1 ulsprate 200 swith o plIAHE B GBY colduord b ide o WohoSeR 5 dn I Rralls o

and a pl embbilinenoin Scortanavith dRmpahaids of &k fravchnaviemn. deposited for
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pr eséEt i nvent i on. Figure (or “FIG.”) ] & @ogsosectiprabyviey of the Segond exemplary
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30present 1nventi Orl1~“'igurt-3 (olrQ‘FiG.”) 12 is a perspective view of a second exemplary
substrate with a plurality of first conductors having been deposited for an apparatus

15 embodiment in accordance with the teachings of the present invention.,

Figure (or “FIG.”) 13 1s a cross-sectional view of the second exemplary
substrate with a plurality of first conductors having been deposited for an apparatus
embodiment in accordance with the teachings of the present invention.

Figure (or “F1G.”) 14 is a perspective view of a second exemplary

20 substrate with a plurality of first conductors and a plurality of electronic components
having been deposited for an apparatus embodiment in accordance with the teachings
of the present invention.

Figure (or “FIG.”) 15 is a cross-sectional view of the second exemplary
substrate with a plurality of first conductors and a plurality of electronic components

25 having been deposited for an apparatus embodiment in accordance with the teachings
of the present invention.

Figure (or “FIG.”) 16 is a first cross-sectional view of a second
exemplary apparatus embodiment in accordance with the teachings of the present
invention.

30 Figure (or “F1G.”) 17 is a perspective view of a first exemplary

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



Figure (or "FIG ") 8 is a perspective view of a second exenpl ary

substr at %%?(golsﬁg(mg%)par atus enbodi nent in accordance w tEC%}SJSm”ﬁ’Pﬁ?“Tﬁ

t eachi ngs esent invention. Fi gur

9 is a cross-sectional view of the second exenplary 5substrate for an
appar atus enbodi rent in accordance wiph-the teachings of the present

i nvention. Figure (or "FIG") 10 is a perspective view of
a second exenplary substrate 200 with a plurality of first conductors
havi ng been deposi tFéghré ¢or “&bG &p pRisct prspentiadyviowndf aisacacicaedakzee W t h

t he teachi nags of i)h resent inventi.on. 10Fj %urgghgor "FIG"). 11 is a
cr 0ss- seBPROHEP PRSI INHSCUERRITAY H BifiFaghIPEs Qb e pagsent iy gitign.

plurality of first papdustelq 96 iApaRRA Hew TR B m iy

accordance with the teachings of the present invention. ‘
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substrate with a plurality. S LEst gonductors havin e eposited
for agl appar at us 1?&%8&9%5% 5?\6 é?cacgﬁsg‘érﬂﬁsése\ﬁﬁ??ﬁﬂfﬁeé‘g?tgﬁgE’F%gs of the
present  ieRdAHbOpparatus embodiment fh Séboedneé withltke tehchimhsi oF tike %resent
cross-sectional view of the second exenplary substrate with a

pl ural i t y0¥sRtieh.r st conduct ors havi ng been deposited for an apparatus

eroodi T | 1, BCCORANC R 14 L QS PGRCLck OB RLSSSRY FENOT 0

subst r at exsvhplaryeapphtangl doiboddhertiin sécoedunde Gitanise @achisgsfulieprictent of
el ectroni,.c conponents havi ng been deposited for an apparatus
enbodf me#tVeiiotaccor dance with the teachings of the present invention.

Figure (or "FIG™") I, 8 BpEd @ ?&Fé | e
exenpl ary substrat g%r%ﬁora%ﬁjijg%?ste%% |FP§%&#5%&62?§§%%9?
pl ur al i t gxafipletyepipreuniscentmaipoerd it sccdbdanay vty tiketeacldegsaditheprefamt an

apparatus enbodi nent in accordance with the teachings of the present
i nventi ofV°Ei'Yire (or "FIG") 16 is a first cross-sectional view of a

second exenpl ary alFlP@Jr@tdi?‘F?@b?Qi BN roddscBG G QW@fé"fohHhte?ﬁnglaray
teachings of the present invention. 30Figure (or "FIG") 17 1

per spéct epparstugombédiment msiccadems! witlytha peahiags of heipockentanyterition.
accordance with t h%igtuef"g foq‘i “%9@.”?54 1ishaecr srse—"sse%gcgnail Qf%{e%fnéfi 2Bt exemplary
apparatus embodiment in accordance with the teachings of the present invention.
Figure (or “FI1G.”) 25 is a cross-sectional view of a sixth exemplary
apparatus embodiment in accordance with the teachings of the present invention.
20 Figure (or “FIG.”) 26 is a cross-sectional view of a seventh exemplary
apparatus embodiment in accordance with the teachings of the present invention.
Figure (or “FIG.”) 27 is a cross-sectional view of a third exemplary
apparatus embodiment in accordance with the teachings of the present invention.
Figure (or “FI1G.”) 28 is a cross-sectional view of a third exemplary
25  apparatus embodiment in accordance with the teachings of the present invention.
Figure (or “FIG.”) 29 is a block diagram illustrating a system
embodiment in accordance with the teachings of the present invention.
Figure (or “FI1G.”) 30 is a flow chart illustrating a method embodiment
in accordance with the teachings of the present invention.

30
DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
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I nventio "FIG") 19 is a perspective view

exenpl ary apparat us enbodi nent in accordance with the teachi ngs of
the present invention. 5Figure (or "Fit2") 20 is a first
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accordance with the teachings of the present invention. Figure (or
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a fifth exermbedtybednpakplhiiineiedt SRNMEmbiHIREHVHANEH With helfi&ent
teachi ngs of the present invention. Figure (or "FIG") 25 is a
cr 0ss- sedticaten lfvﬁ‘éwa dffis 0 be yaderséeushippithy inyepieraisaet bmbedimignt i n

d ne i f e _Rr, t.invention, 20Figure (or
Seee! SangEolis A YERRRLPAR:Rhcl I RLE SR YOS SR BRTALSS, (07,

enbodi mefisrtti above @ad delooe ilhistrhet hethicieobingg Sr af désoAba IO Exaniplent i on.
Figure (or "FIG") 27 is a cross-sectional view of a third exenplary
apparat udehesandenpparpiysesconsigianicsithhepressat inseniion g caprblernd ofressent

meent A LG R b e T SE AR S AT
t he presenderstnoetitat 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.

15 For selected embodiments, the invention disclosed herein is related to
United States Patent Application Serial No. 11/023,064, filed December 27, 2004,
inventors William Johnstone Ray et al., entitled “Addressable And Printable Emissive
Display”, to United States Patent Application Serial No. 11/181,488, filed July 13,
2005, inventors William Johnstone Ray et al., entitled “Addressable And Printable

20  Emissive Display”, and to United States Patent Application Serial No. 11/485,031, filed
July 12, 2006, inventors William Johnstone Ray et al., entitled “Static and Addressable
Emissive Displays” (the “related applications™) which are commonly assigned
herewith, the contents of all of which are incorporated herein by reference in their
entireties, and with priority claimed for all commonly disclosed subject matter.

25 Figure l is a perspeétive view of a first exemplary substrate 100 for an
apparatus embodiment 175, 185 in accordance with the teachings of the present
invention. Figure 2 is a cross-sectional view (through the 25-25 plane) of the first
exemplary substrate 100 for an apparatus embodiment 175, 185 in accordance with the
teachings of the present invention. It should be noted that any reference to apparatus

30 175 should be understood to mean and include its variants, and vice-versa, including
apparatuses 175A, 175B, 175C, and 175D, discussed below. As illustrated in Figures 1
and 2, the substrate 100 includes a plurality of cavities {or voids) 105, which for the



Figure (or "FIG") 29 is a block diagramillustrating a system

enbodi rreg#o'b@lgé‘g&?g dance with the teachings of the pres?ﬁt@jsg%%gzgp.

Figure ( 30 is a flowchart illustrating a ne

enbodi ment in accordance with the teachings of the present invention.
30 - 12 - While the presemnt invention is susceptible of
enbodi nent in many different forns, there are shown in the draw ngs
and wil|l be described herein in detail specific exenplary enbodi nents

t her eof , seletthd tinbodincdat, atcafoctinad)ad tlahgdtdibcapites peffectvdy fasiing chamntle, be
consi dered as an exzrgpl i f,i%?t i OH of the griﬁnci ples of .the i nver}l i on
Sand i s SEROVFHPEHANE 40 SUHVHFRIIL HEPTerRnis: YallFyE- SordteoR gs gaps, ortlices,
enbodi MeRbRows, lsHE! bagRtheeb) ,Aﬂvtl%ﬁrcﬁﬁﬁefds BRI A Bnt§¥ His&hs@éd@eiél&/ vlriiﬁftasit .

one enbodi nent consi'stent with the priesent Invention in detall,
to be undefexnootd Kipue & wdidhnllusitatesn plaratigt off damitice d03F whidchsiragpiped ot i on

to the detaill f .construction.and to the arran ts. of ¢ n S
set 1o ¢ R ATt SRRNBAGT o Fishl RabrBatd of B A tRisines ccggRe 200
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enbodi nents, the invention disclosed hereinis related to Unite
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D s bl 2y~ YR badhitbag e e | obaR A RGpIT e PiCes St By o havine
11/485, 03¢ ifikhesht will recognize that innumerable variations are available, including depth
15  and width of the channels, channel orientation (e.g., circular, elliptical, curviiinear,
wavy, sinusoidal, triangular, fanciful, artistic, etc.), spacing variations, type of void or
cavity (e.g., channel, depression or bore), etc., and all such variations are considered
equivalent and within the scope of the present invention. Substrates 100, 200 having
additional forms are illustrated and discussed below with reference to Figures 8 — 16,
20 18,19,22 25,27 and 28.

The substrate 100, 200 may be formed from or comprise any suitable
material, such as plastic, paper, cardboard, or coated paper or cardboard, for example
and without limitation. In an exemplary embodiment, the substrate 100, 200 comprises
an embossed and coated paper or plastic having the plurality of cavities 105, 205

25  formed integrally therein, such as through a molding process, including an embossed
paper or embossed paper board commercially available from Sappi, Ltd., for example.
The substrate substrate 100, 200 may comprise, also for example, any one or more of
the following: paper, coated paper, plastic coated paper, fiber paper, cardboard, poster
paper, poster board, books, magazines, newspapers, wooden boards, plywood, and

30 other paper or wood-based products in any selected form; plastic materials in any
selected form (sheets, film, boards, and so on); natural and synthetic rubber materials

and products in any selected form; natural and synthetic fabrics in any selected form;
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ultraviolet (#v) curing process), to form the plurality of first conductors 110 (and also
30  may be utilized to form the plurality of third conductors 145, and also the bus 310, 315

of Figure 29 and any electrical or other conductive terminations discussed below).
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COn AUt T O e T the A d S harae PO eancors foah’Agfa Corp. of Ridgefield Park, New
25 Jersey, USA. Other conductive polymers, without limitation, which may be utilized
equivalently include polyaniline and polypyrrole polymers, for example.

In an exemplary embodiment, an embossed substrate 100 is utilized,
such that the substrate 100 has an alternating series of ridges forming (generally
smooth) peaks and valleys, generally all having a substantially parallel orientation,

30 respectively illustrated as raised (or non-channel) portions 115 and cavities (e.g.,

channels) 105. Conductive inks or polymers may then be applied to remain in either

the embossed peaks or valleys, and preferably not to remain in both the peaks and
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O her conductlve pol yners, w thout mtation, e utilized
equi val ently i ncl udfer p:oinypima aqndu@trmt lpiotn,fipﬂoepoated pobtiamns: agfpbied in

|l e nb
Substr ai &48b01% e piteS affhof RS Ripbfind O AT itk B8 £SnaE Ggtive ik
al ter nat »sﬁ&eqwnlu?sel%véd RS, fQYctir Bhde Y8 Ehal tyhe SR T REEHENARGhe
val |l eys, generally all having a substantially parallel orientation,

30r especpripengaity, follores bygnagirmgiof 8 C(ooduqibfnndhwnh@l the plralityng 115
ond e Rk e b s SRR i PR
and poef exdtiey1050005 & alldim@id o tdindd@ ihplhds withaks balatte of tHbconductive ink
(such as covering the non-channel portions of the substrate (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 within each of the plurality
25  of cavities 105, 205 or may bow upward instead, for example. Those having skill in the
electronic or printing arts will recognize innumerable variations in the ways in which
the plurality of first conductors 110 may be formed, with all such variations considered
equivalent and within the scope of the present invention.
As a consequence, as used herein, “printing” means, refers to and
30  includes any and all printing, coating, rolling, spraying, layering, sputtering, deposition,
lamination and/or affixing processes, whether impact or non-impact, currently known

or developed in the future, including without limitation screen printing, inkjet printing,
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equi val e#ic differon matcpialshad daspefopningtke prpatasus 1750V850t276n. As a

consequence, as used.h in, . "printing:. neans, refers t nd

30i ncl udes any and?taﬁhf)gl:()jﬁ?enqoltend;t?latc o&t ?%%g upgy e ﬁ@?‘ﬁsi‘?“&@?‘ﬁa}em’ the
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processes, whether .inpact or non-inpact, currently known or devel oped

. ently
in the falulgy of pevities K. W03 Horitexpmplos whewa sistie dishlaympparaiug 275 k| et
printing = dld o ' -1 Nt |.e | NI
Phot or oot apednd siefa® DALY B wfcB A hE SRR Tl o
pri nti ngeveregmiate,anp ohabr mgre fHisdcqrdubiboindl0 rhiyexsgbapdposit@t dsrdneng,
hybrid offset. |ithography, Gavure and other intaglio printjng.., Al
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invention. Al'so significant; the exenplary printing
110 would not be required. As discussed in greater detail below, the resulting
apparatus is highly useful for applications such as lighting or static displays. Such an
apparatus 275 embodiment is illustrated in Figure 19, with corresponding cross-
sections illustrated in Figures 27 and 28,
30 Following deposition of the plurality of first conductors 110, the
material (such as a conductive ink or polymer) may be cured or partially cured, to form

a solid or semi-solid. In other embodiments, the plurality of first conductors 110 may
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cross-sections illustrated in Figures 27 and 28. 30Fol | ow ng
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25 components 120 having been deposited in an insulating binder 135 and oriented in an
applied field 150 for an apparatus 175, 185, 275 embodiment in accordance with the
teachings of the present invention.

Figure 7 is a simplified cross-sectional view with an electronic

equivalent circuit element 160 of an exemplary electronic component 120, illustrated as

30 adiode 120A, oriented in an applied field 150 for an apparatus 175, 185 embodiment in
accordance with the teachings of the present invention. As illustrated, the diode 120A

comprises a pn junction 155 which, due to its dopant composition, has an intrinsic
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respectivel i be formed during fabrication as..part, of or
|t ogr at BRPARHETY oD RemBTargF Sbeglar boudRp aie mso bsaribh spedie
i nvent i oy FRANARERICMbIN e Rl Phd R1RIddeIESrod ke ohpohfifts.| Thd stRSbfh of
vol tage, in which a suspended di ode 120A or other exenplary

el ect r onitle apphipd fAiekdt | S0a0a3hzlso beedricdnfarexamplei to providagTiaigat ferge to

ol Tonea P bv RS R R ERLY 4 3y dest g FErorhERes BT REOC"

di pobe wiplrali@ o€ figdt condirtdds.| Alsé,aBPenaratich eMhe@iplice dick] ey bov@mgset | C
field (150), to_becone parallel (or antiparallel, 10dependi ng on the
pol arit y)suom 3sHo bR @emgpqilic@]@r fo; te ghapmgls 105 but parallel to @eﬂ)éq;netosf él@ssu@ﬁtrate
appl i ed fihg! LLd ldl L e
dynar . APEBE prbiCBA: St bl bt oldoltoRE ChirpBibrie iR blchife
exanpl e, oéiestedi Thé allith oftlie blectudiiit tareporientsantiend dioddst 120A (e dsEDS or

Fi st compueraras dedauo b puetiet Tafr i ronss snekeagal e may dso bY ©
25  utilized to differentiate working diodes 120A (e.g., LEDs or photovoltaic diodes) from
non-working diodes 120A (e.g., LEDs or photovoltaic diodes) (which may be defective
and not exhibit the dipole effect discussed above).
In addition, in exemplary embodiment, electronic components such as
diodes 120A may be differentially deposited, such as printing a first row/cavity of red
30 LEDs 120A, a second first row/cavity of green LEDs 120A, a third first row/cavity of
blue LEDs 120A, a fourth first row/cavity of red LEDs 120A, etc., creating a color
dynamic display, as discussed below, with each such LED 120A capable of emitting



15radi ation, or laser light (such as used to provide |aser tweezers),
may al so the applied field 150. Tenperature | [
bo%di ng r@zﬁ@@g"’ﬁg utilized, depending on the sel ect edggmggqoﬁ@%l%
and the selected el ectronic conponents. The strength of the applied
field 150 nmay al so be varied, for exapple, to provide sufficient
force to create a sufficient electrical contact between the

el ectroni c conponents and the 20plurality of first conductors. Al so,
t he ori enight oftthe obrréspendipgboled(wiveledgtidyandevittatach ductsLIED 1a0Atdefinmg
per pendi cul.ar to .the channels 105 but parallel to the plane of the
subst r at & PR o7 PrPEghinpl e, dependi ng upon the type of el ectronic

conponents whi ch argehgd ndiy gﬂu?d(%} §8ls mEE%ls%%élh&é’reﬁEctN&ed&fu gkro?n' c

conponents such as diodes 1 phot ovoltaic dirodes) to
be ori enteaftering paifticiisdfor sxsmhplastoard ol light friceissioreind diremtiomhemnab¢o th25

til dto dif e worki.ng di ode

bhot ogol curea WA A e R et J dl erands iy sy o it opnenc-
phot ovol t@ichindidesite, MblidRonRYthb el dahra diomRs andltRRiste hirhi dxahipe,

di pol e effect di scussed above In addition, in exenplary

enbodi memlasmeltekas(vssiddn @kﬁm@N?@p!asfstmhbaﬁurmedd@@omMAnd@yleb@d using

differen S such as printing a first rowcavity of red
30 LEDs &geg%p%g&igg@ofn “first row cavity of green LEDs 120A, a third

first row cavity ofAdebtiéndlizRefet@ifto Fﬁgﬁr@yﬁt@aﬂdTSihdeMV! dplamlfwopf red
LEDs 120A, etc creati n%a col gr dynam c dis EP scussed
bel oWd wiclastrenisromperent R0l Eaa diogsadLAASE. o HELS qxgahotovgl@alc diodgior of

t he CO”%%HQE'B} %9'1@% &‘éﬁ‘l&ﬁh&&%@lﬂsﬁ@%ﬂ%%ﬁ%@ ifl%logﬁr 20A

defining a plxe or “su I nsu er 135
may al socomdictute 1 l@fahécthe Meralitli 6ff disitrogicarongoatite 26 grepherrt oridnés], usingy
exanple, to aid Ln. liLght rans ssiagn in a di t|o nor to. the
5subst r af 2Bl féqqéé%@ Cih & Beproned SHgBRHd Hﬁ?ﬁf’m"ﬁﬂ‘sﬁhﬁ ype
of m cro; r : ed
di odes anB ﬂﬁﬁd;‘f?é?st%@ﬁmbﬂﬁﬁﬁéfx‘%ﬁ'&h%@f%bﬁzﬁﬂqﬁ ol o eI
di spliays kompyndngs 24 atexlbecdepasichied uandlroccucmrpeelmbndmuhg td the plamelof gk

field 150 Ac ferrln Figures 5 nd 7, en th

ol ur al i ¢ oo ikt PGl e et J8 Ao lintrho g
LEDs or molhgmgdlﬁ hid&H 1@@%%&@&6%&@@%&%@@ lhﬁhglbf‘e'm&‘oﬁfc' ng

bi nder 135 is applied over the pIurallty of first conductors 110, and

t he pl ur gbimpgnaests Bl0datplassi Vidosysbewntationcheplraliteaf Qi¢¢tem¢e@bmlmn¢gt8an
oFpL1 €9 A3 LOUR NS 0] ULl M TR et 9 e
substp at ehelf3) and de€ortl ¢onadttbys 1265 a@H €60 f@ficd as part of the plurality of electronic
components 120 may also facilitate the creation of such electrical contacts with the
plurality of first conductors 110. In addition, the creation of such electrical contacts
may be further facilitated when the plurality of first conductors 110 have not yet been
cured or have only been partially cured, such that the aligned, oriented plurality of
25  electronic components 120 become embedded within the plurality of first conductors
110, followed by curing both the insulating binder 135 and plurality of first conductors
110 with the aligned, oriented plurality of electronic components 120 in place.
In exemplary embodiments, the field 150 may be applied in any of
various manners; for example, the applied field may be pulsed initially, such as to help
30  align the plurality of electronic components 120 in the same orientiation {(e.g., p side
adjacent to the plurality of first conductors 110 or n-side adjacent to the plurality of

first conductors 110}, followed by maintaining the applied ficld 150 in a comparatively



15conponents 120 al so becone oriented in a direction perpendicular to

t he planqwg%g%ﬂgm%ybstrate 100. Once the plurality of ek?ﬁé§2&%§§nfé

conponent's are aligned or oriented, the insulating

then cured, holding the oriented plurality of el ectronic conponents
120 in place. Wth such orientation,-2he plurality of electronic
conponents 120 rmake corresponding electrical contacts with the
plurality of first conductors 110; 20the first and second conductors
125 and t8ostimdmedeate spebilizedhe pheality of @béttopiotormpoments dA0 evhiletiponent s

120 may also faciljt .the creation of .such electrical copntacts with
the pl ur Evgmapinder £35 ssiirsioraniery s sohfHghaf fomerplrey EPBRdsAt of
such el eglid fif1al1 50 WURGLS siBRYanbGllY WitheNy hafislsubAbRBIIVREREM Yhile the
plurality of first conductors 110 have not yet been cured or have

only beemgsiatngdinder 3% isdov cyrsh A petic fipld rady gfsrebl applicd initiellypwith ahi t y

of 25el ecgtr.oni n 120 beco enbe dwthin.the plurality
of 11 st sl A PERGOENSY g rouBE SRR SRR Gr bR B tnBe

bi nder 13kcatudfight Us@bitstandhlly infifdrmt Betliesretagtls Whildithdinkilstia bigmed3s
oriented plurality of electronic components 120 in _place. )

I'n exererSawyClEﬁ%o(\ili apeHes cxqmplary; eapbodiment ) Crdeciip ficldd SP s anpjicdf

vari ous i l iel . .

o a1 iRty WO IR B bR collal At AP RBRRLLARG 125 i
conponenmnsni2@uied, tdieg shoewavdlantlisaifichrtrOmagneticiadihtien, adihaasanithih ¢hd he
plurality.of first caonductors 110 or n-sjde adjacent tq the plurality
of f iPst VisHlageschpe: %M)‘ft, anodher SHRAPIBYY srbadimen A QG Hlecthp ridddOns el d

150 11 2 aGORGRNBLNEIY uniimly £80S A anRNEnsft ShADI Lt I8n

plurality of electroni'c conponents 120 I nsulating er
135 i s cbinsdr 635 stioarmi cviecds vsing b flicewavdlengiins ebederploaragneitediati@nsyctt he

field 150 is.applied. substanti.all niformy.and is substantially
const ant TG & OIS SPSHTTG [ oMY (35T g BubEe vome s Brine e ol d
may al socR@npin) drfbdimbhd 2khvstatibily 8shsRat Bt dlédi Feladisofiohimead by

di scontinuing the sonic field and COﬂtIDUIq% to a&gly the electric

fi el d5 156ulstansielnuniddumly and fiarenigesdhe coonsefahe inpulating binderel 35ndul at i ng

bi nder 1 ' . t he enpl ar dj nment

ol et ri o R gt CapbnRe b AT Ph R e e

subst ant applicd substaiiteally unitollytdnd if providas iheGuiih 8ethe daduldting Btk Y35,
cured, using other wavel engths of el ectromagnetic radiation, such as

wi t hi n t FRIlovrd by gsldétiongbeuringrom an YWt claetimancts Balg) whishamyde ureait, a
CC ! ot IR AR S5 M A Bl
cured¢ usnotgedrtely iliastmtel) b hisg ohrielsehheamrgneditiizeddi atatorhe such as
Vi co- ver SabstapelGuRER tize sl seipodrtishite et B6s BRPaFIY et an
ey SeL e o 5 AR GG 3 ) S0 ot
dielectric) binder 170, may be comprised of any curable compounded having a
reasonably high dielectric constant sufficient to provide electrical insulation between
25 the plurality of first conductors 110 and the plurality of second conductors 140
discussed below. A wide variety of dielectric compounds may be utilized, and all are
within the scope of the present invention, and may be included within heat- or uv-
curable binders, for example, to form the insulating binder 135, 170. Exemplary
dielectric compounds utilized to form the insulating (or dielectric) binder 135 include,
30 without limitation: (1) From Conductive Compounds, a barium titanate dielectric; (2)

From DuPont, 5018A Clear UV Cure Ink, 5018G Green UV Cure Ink, 5018 Blue UV
Cure Ink, 7153 High K Dielectric Insulator, and 8153 High K Dielectric Insulator; (3)



anot her exenpl ary enbodi nent, a substantially constant DC el ectric

field 15 ied substantially uniformy and it proyi th
curing ogvéﬁ%&ﬁg@ﬁ? ating binder 135, followed by additi §ﬁiﬁﬁ8‘l??4%??d”
froman AC el ectromagnetic field, which may be uv or non-uv

wavel engths. Also in an exenpl ary enbgglinents, upper and | ower

el ectrodes 20(not separately illustrated) having various shapes may
be utilized to create the substantially uniformelectric field, such

as havi nFréthSuabalyelnof, 385DITEV Calneds dmtectjrcahb and 308D UV CurablEndelectric
insulatin I | ectr.i bi nder_.135, S nd insul ating (or
dielectrit ‘gﬁ %“gefgor&?’éno‘%%%‘r‘%]éer% F’é‘é lwg%ﬁuefgﬁ?/ r@q%ﬁﬁlﬁﬁounded
having a reasonabl yriigkOh.dh £LEG L e aﬁ%ﬂtﬂébtreédgnﬁie%ﬁ%nbﬁ’s RERVLSE

electrical insulation between 25the pluralit first conductors 110
and t he pr atchible pompowsls oy aiminmmlaﬁé E@Oemnwbmsemthbehmmym wi de

| ect ds | d it hi
Uhe stapdlesotcoppatuliy RER beghimadeaiES: mfudiciafidelialr -
or uvcur abhiactil g el plurhRfy m&%ﬁdu&&sflq)o Rl Eeéﬂ%b@dy SeenRidN R owdS,

170. Exenplary dielectric conpounds utili ‘zed to formthe insulati ng
(or di el dytchrieg. &bl ovgert of 38 inpid pliehindgd 3Rinedydes remioked, su¢toss: th(OllEthom

Conduct i n t|t ate d| ectrl C Pont
5018A O églﬂ%{?@% gﬁ? RE“%%&%’%\’ siifgordts mﬁd’ﬁc’ce’%‘&'ﬁ} %‘: H& R@J

| nk, 715:pr<Hn@hg KdDriehat @ldotrical asitdcad @ith ttad}ﬂm&m’ésoﬂﬂlaiﬁomdiaoﬁip@ﬁ&ms ¢20

I nsul ator; - 22 - From SunPoly, Inc., 305D UV Curable dielectric
i nk dhd gwémswkw syhsapicat frepteon pf @eqtﬁkal canfgcts aitbrthe plugalty efigecond

suppl i er Those
et ng_sEPTUAT ML PEbEREbing Soc SHIAR e kT of clectronic o p1'e"or
et chabl e com;rpmmmm()miolbhmag behuhietdhirecbr Wwashingxaoqss, anotrheleortdddmonal

plurality, e tropi c conmpon ve bee edded n ar
make suf fif%%rh L@ﬁ%fé@ o Rpee %il %21%“{ O SHiFe Q?Re%mgfuppn ledied
conduct olgpdditmeripave been properly oriented, followed by curing, all

or part of the insulating binder 135 may be renoved, such as through
an adbd or ion etchnagetperoseston, Suctleetrongt admpugents 128 std sugpgded 5%

may also facilit i.din ddition elecrlc ts with the
o1 e al + 0 goBehtdnsR oA e d A E i orntea s iGahe aitien SR, AlhSiolih s
formati om@falRRE k6 beaporAORUACIShYdh thd ' MEMcﬁh' dftwéatoancﬁ@ﬁ@@ﬂle
conductors 140 at the corresgondl ng secon(]ij ends of the f?l urality of
el ect r oniclectomip sampesentL@e sED prapsils grisuich. they @I'@thtldxgi tortheplatalifgof

nd ai 1 ofid epBfisiits, BeR LRy bRt ot sl Gatefelilone. 15 n
anot her variation, AddHsekedtbetyw wuﬁ@aﬂefune@tos%a&mme&u@@mgdﬁdmdﬂ a
sol vent %llée nstead of the binder 135) and oriented using the applied
field. THee dppsidpn of hephunlity qfcﬁxﬁtcw@uwgﬁaé Iab@éiep@smw afsthe n%ﬂejh of he
appl i cat i, i ts are still
properly %?Fgéllfggﬁlb%&&dg% b %}n%t{q &?%ﬂ ‘gJ},:l ra |ty of first
conductors, such aflgdre;o&ghéaaﬂead) ilhgtrote aﬁtahéﬂtloﬁairabpaaﬁlis@mboﬂin{wat.

175C, using cavities 205 (in a substrate 200), which are shaped differently than the

25 cavities 105, and are discussed herein only to the extent that the different shape may
require additional or different steps to form the apparatus 175C.

Figure 8 is a perspective view of a second exemplary substrate 200 for
an apparatus embodiment in accordance with the teachings of the present invention.
Figure 9 is a cross-sectional view (through the 45-45° plane) of the second exemplary

30  substrate 200 for an apparatus embodiment in accordance with the teachings of the
present invention. As illustrated, the substrate 200 differs from the substrate 100 only

insofar as the plurality of cavities 105, 205 are shaped differently. The substrate 200



20As di scussed below with reference to Figure 26, the ordering

bet ween ition of the plurality of first conductor nd the
deposi ti 3&88&5%@6%“_[1@ ity of electronic conponents i n%gpﬁﬁjlsﬁ@&%ﬁz%g
bi nder nmay al so be reversed. Figures 8- 16 serve to illustrate an
addi ti onal apparatus enbodi nent 175C,23sing cavities 205 (in a
substrate 200), which are shaped differently than the 25cavities 105,

and are discussed herein only to the extent that the different shape
may r equihaesubdetidlnatcutsr od hémhesgrticslitshmsedt dzpfessiond, demgippartadress 175C.

Figure 8.is a perspectiyve view of second ex | ary substrate 200
for an ablb%i‘FrétteHéls éﬁﬁ%ﬁ Hbntather t ?%‘%%H%ngwo?@&c EPReemle thi
present LOMBELI LaU4 ' 1 IS5 40 ' ; t he
a5 praiay o TR S LR IR PR e Rt SOt g
appar at usphlemtycad moangédinaccatedane@gawi t h t he t eachi ngs of the present

invention. As illustrat the substrate 200 differs fro he
subst%ate 100 onl yﬁgﬁ%igﬁs aagerfl??ég‘b? Wa'qutzafeﬁqndceé‘\?fnﬂa@és%gﬁtefgg are
shaped digfifhes si0talivy offgt SorastioRA B 0A0Rhving Bedn defifed R Shaphidhk Y
circular or hem -spherical shaped depressions, dinples or bores,

i |1 ust r ac@godineahin accerlapgowith thetfeschings of dlearepsneiavertonndligured 1 is a

Qonor t oar1SRARER e (Fo R YhE 30" GndIt RGPl Rl lgp avtyress 0

ar r anged viith agplatityesf faddt eonidaytorsSHI0AUIE ad @ppaSatas frabsdigehi Macyirémcelf a
second exenplary substrate 200 with a plurality of first conductors
110AIhav Mg thetsachissoel the areei inyeniippats dissuseb devieetie plualiy @b fickince

with the feachi 9§ 0 Erh)% fﬂﬁﬁéﬁﬁ%ntgcgﬁgg?} f.hglrfﬂurgl?tgﬁf%{%jcoh(ﬁlc?ors 110,

cross-sectional  view hrough t ane e second
exenpl ar ysiag dentiedl@r 200 lasicbimpaumpdsund Inidtyodsf Rfathcs thaa douahiag arssricsI@A f or

an appar gt us enbodi nent. i n. accor dan 10 with the teachings of the
present | WEhIBYEYeREad] %@fbggﬁaalgbaflg,mt eensiglogs LA e apifdiyidual
conduct okgndhtRés FRY Qlesd‘é)@{aﬁﬁﬂg.’l-g?dﬁtldrﬁﬁéhl% ed Quidligop! urality of first

conductors 110, using identic or si'mlar conpounds and net hods.
Rat héf t han form ndfigurs é2 issspapctiive eis dfawevmerd, exemphirp fulistrete 200

plurality.of fir conductars 1 for i ndi.vi dyal conductive
Paot+ or Wifhist it fStiandin {1 0a R et daoeigli Sy s
per spect wy @i E¥WnBoditheREMmAUREorANEITRY BN theFHRAMEbLHE PPeshiiBvantidhur al i ty
of first conductors 110A and 110B havi ng been deposited for an

appar at u§iguh bilisregross-sectienad vanGleronizh thet39ed Y plank) affbe stcont exgmpleant
T OB 8988 A BRSPS SRR LA | R e P
firsto cofishuntappsratul @badindnt @Badtardiange WaB thetepdsidsed tROfredentmvention.
D ks Tenbiontd Bbover Figures 1013 Ilhstrate the deposiion ofthe plurality o firet
conductors 110 in two steps, as the plurality of first conductors 110A and 110B. The
plurality of first conductors 110B are deposited to make electrical contact with the
plurality of first conductors 110A, e.g., forming or providing leads to the plurality of
25  first conductors 110A, and are shaped to form elongated or “wire” shaped conductors,
to provide access to the plurality of first conductors 110A to and from the more
peripheral sections of the substrate 200. The plurality of first conductors 110B then
allow electrical conduction to the plurality of first conductors 110A, and subsequently
to electronic components 120.
30 Alternatively, the plurality of first conductors 110 may be deposited in

one step in this embodiment. For example, the plurality of first conductors 110 may be

printed using a conductive ink, as illustrated for plurality of first conductors 110B, with



As nenti oned above, Figures 10- 13 illustrate the deposition of the

pluralit f & conductors 110 in two steps, as the pluralit
first co ?Ogjrlé "%30A and 110B. The plurality of first Eh¥s ‘{05%?237

110B are deposited to nake electrical contact with the plurality of
first conductors 110A, e.g., formng.e4_providing |leads to the
plurality of 25first conductors 110A, and are shaped to form

el ongated or "wire" shaped conductors, to provide access to the

pl ural i t y poftidn alktwed ot flostqrdsipliidshé cavatieh Josamférhethephealtgrof fihar al
sections of  the ﬁl@trate 200. The plurality of first conductors 110B
then al | GOPcER? conduction to the plurality of first conductors

110A, and subsequemibir 19 & GGt r&av@v@&m%%ea el uEhAopvel Y.

the plurality of first con s 110 may be e03| In one step in
thi s enbedihrepitiraliBoof ma¢m1d9¢toth0ﬁl andallll()Byandfa p‘lunahty of@hattronior s 110

may b rinted a. ductive k, as illustrated for pluralit
of 117 sf chBhtkerol D bt b £postied fot an Zbpiypbt SHOAIR L 4GOREGH of
drip inteifthge &a&mﬁégﬁéftﬁe rds@ntiRFemtibR eF b B istader&is-ské okl ﬁe{?&duct ors
110A. gure 4 is a perspective view of a second

exenpl ar )chmngbtth@@% Owlang)iof the sscendedxemplasy selbstrate 200rvdtica phusalitd 0A and

depost t eftar i EAPA B RSN fekeRTBERER s Compen R 50ine

t eachi ngseaf ddpbsitdar fos B hppafateNém Bt imbhdaeookfarics vAthGthe Sckiggd dRa!
vi ew (through the 60-60" plane) of the second exenplary substrate 200

wi t h 18 pPersantiipyengpns iThe plusality aésléﬁtgor&qmnmn@ﬂ@@ mgycbeadeppsitedh i ty of
el ect ronj,g. GOARAY SIS ird20in ﬁel @?9&% A fﬁ‘%%%pfg%ﬁag% Ahékd.

embodi ment I h accordance Wi teac gs o]

i nvention. The pl uFidurt ¥8 @fa pdrmn@mwewaﬂmecmmlte&eﬂ@&rymppal&eus
deposited,  orjiented and cured in an_ insulating (or dlelectrlc) bi nder
135 as pFEPPHIRany Nfcserdancegvith the teachings of gleglﬁ?%nﬁlavwwa BeEWPALES e

view of ,.88rR0 e&?&%ﬁrp\!q@xwth?&%rtﬁé gs- 69”1919 r&?nﬂtFl%d?e Q@gsﬂéf'%?glg@cﬂ%éh

the teachings of the present i1nvention. ure 1
cr 0s$5 sestdtionall view éhraughrtinigfr 66 hplags-o6 5" secpdndreag:mpjacy :Fppgtunes @@bddsment

second cross- [l5sectjaonal view (through the 66-66' an of a second
exonp! ar  SEBHPAT B P SHLTRS of B E EEnal e POAE R o 65T
the preseqfiochM4eatd mlgu@do @ﬁ&z?'dﬂduégedt&l&“helt ChRTFE bS REoH AR v, EWS
of Figures 20 and 21 i scussed below. It shoul d be noted, howevér,

t hat becthas beqahse the m'haahlmfy)f disticprdictars h 4B ersrespostdBn Er@lrqumcu 5n

Fi gures 1 n i ne chann shape

enor't 5 1 Gn@ Tl Gl Wil £ A SRS et IS S E R SR SREREE 70, e
plurad it fagbechiapplicdcond ttfét}ﬂﬁﬁh@l&ﬂirstsddﬁhucﬂ&stlh 0BURh s FHrbidt grifing
coating process, prior to deposition of a pIurallty of second

conduct oPECORHDE GFO%SS PHET t© depesitien ebhpluealy of ssgopdcapductarsskiona
conduct i gﬁgigas%?gr?d coln ]f]&&ﬂ @%ﬂ t gofae@o%ﬂgct @%%e@j Iﬂ%dhﬁ%ﬁ;g%gecongy

be conpris iele c conpou
pr evi ousinsukitiag u@sewo may be comprised of any of the insulating or dielectric compounds

previously discussed.

25 Figure 17 is a perspective view of a first exemplary apparatus
embodiment 175 in accordance with the teachings of the present invention. Figure 20
1s a first cross-sectional view (through the 40-40’ plane) and Figure 21 is a second
cross-sectional view (through the 41-41° plane) of the first exemplary apparatus
embodiment in accordance with the teachings of the present invention. Figure 19is a

30  perspective view of a third exemplary apparatus embodiment 275 in accordance with
the teachings of the present invention. Figure 27 is a first cross-sectional view (through

the 70-70° plane) and Figure 28 is a second cross-sectional view (through the 71-71°



25Figure 17 is a perspective view of a first exenplary apparat us

Cvent | N0 BIBIRROE0 T2 T St cross-secti onal view (1 RCOUGHIERERST

40- 40" plane) and Figure 21 is a second cross-sectional view (through
the 41-41' plane) of the first exenplasy apparatus enbodi ment in
accordance with the teachings of the present invention. Figure 19 is
a 30 perspective view of a third exenpl ary apparatus enbodi nent 275

i n accor gnepofvht thitdexetnplchiapgsatof etbedipreesiarticcordmentwitnthe Féaghimgs 27
is afi rst cross-sectipnal view (through the 70-70" plane) and Figure
28 is a SEHGHRICEPLL¥EYOG: i onal view (through the 71-71' -25 - plane)

of the third exenplpaymiapRAFBNS 1@@@9'@‘1%%@' &i&%f&%@ﬂ%{%\‘a}%@w

teachi ngs of the present invention. Referring to Figures _
f ol | owi ngleotromincamponents 130rendpiuting bf the soppetieg andstilliziogponttng 120

and 1511 iR ped RSt AehaRion e o ancifiorsl A ety by e g
170, di sgusesdd a&&\ég)a{n opficABE trGRliSsiviel (BNGMsPEicHB sénd lchANRRAT 190t

second conductor 140 is applied. Such a transm ssive second conduct or
140 may BepligdpSueh admngmisping becon(l cendustie 146 mayrhe appEedas asiegler egi onal

di spl ay, .pr ld ght i I: i L4 trat in ElLaur ,
or *hs o sftrbfd ol ol Bt RERLGR AR Gt hiulibl Bhfchdols b AMlacd
17 and 1@dBjgutold, o B3 apluadlily 85 sbhe cotidhploay140T(ag iltusaiedisBigiesI¢aand
conduct or%s‘)&fmo may be conprised of any conpound whi ch: 551) has
suf f il8i edd) wJRED @R addrcisabls Yoi The teaseisivg spesndicopducirr(s) 40 may be

apparat u ' r.ed ' . ot -
FFhe: - angoBtsqa iy Spmpblh B BicfE Eh TR AR ERLGoREbIEDR plocted

t r anspar eoniong bf theappangsil B, i85y27Hm 4 predseinactddr sebeeted prejod 68 Yimef

el ect romag ic radiation, such as for rtjons of the 15visible, .
spect r O oA pg a W@W@H@dwééswg Tefs bt trgRPATency d e papisHBilic
static di i RRRRS i For

conduct i \It;?rf[;l@%{?l@n@ew%{r%gg%%ed iI'n %?C\élﬁ)h%éﬁg@rﬂgﬁg%&gssﬁﬁe%g%gg%ﬂﬂ%fthe
condugt ov{sshle sp@tpmo it esaneples gheratic psesentinvatitiop lisytilized dorer gatice t he
plurality.o | ectronic c nen 20 ls ¢c aratively.less .

B oniti o il et ey oGVt fate o P Sutb i G E weginmy o
of time- viafioh the tiaRiisiTeé sRBnd BéRiudtor(s§ PAPH0OIdel bfRb RS dssOhe HRplagkat | C
di spl ays having a conparatively larger formfactor. As a consequence,

t he choi ¢eergizenhg ploraditof eedteona eomeponeniad A sseompasdivehydessonghuBeant ( s)
110 Y 151 og SRR AN 3SR ACRORL G5 D Bpion
opti aoal (@p¢cehpier &splayd)dr Carnehitictdiptayldavingdiasoupatveg e foZnThe
one of m%egcet}ort. rﬁasnef &])n?;gcllu\égces, ?Ifeocqgic%oor%?rllja%r?z{ls( tso)fog-rﬁ (t)heatrl.'a;ensr%?sg%vleesgco%\éer
conductor(s) 140 may differ, depending on the selected application of the apparatus
175, 185, 275 and depending upon the utilization of optional one or more third
conductors 145 (discussed below).

25 The one or more transmissive second conductor(s) 140 are applied over
exposed portions of the plurality of electronic components 120 (held in place by the
insulating binder 135), and any additional insulating layer(s), using a printing or
coating process as known or may become known in the printing or coating arts, with
proper control provided for any selected alignment or registration. For example, in the

30  various exemplary embodiments discussed below, a plurality of transmissive second

conductors 140 is utilized to create multiple, electrically isolated electrodes (individual

transparent wires), which may be formed during one or more printing cycles, and which



exposed portions of the plurality of electronic conponents 120 (held
in place i nsul ati ng binder 135), and any additional 1nsulating
Iayer(s))pﬁgpﬁgsgﬁgrinting or coating process as known B%Tﬂgﬁm]@§8ﬁé
known in the printing or coating arts, with proper control provided
for any selected alignnment or registragion. For exanple, in the 30
various exenpl ary enbodi nents di scussed below, a plurality of

transm ssive second conductors 140 is utilized to create multiple,

el ect ri cahdéuld bs prayicelg abippat in@depaisondiivh thealluraligrd fasteohdwitdre$) 0, to

whi ch may be fPrned durigg one or. nore printing f%fles‘ and whjch -
26 - sholfW' el PERst PireLiclegHer USRS CompRPIUBR Pel Fidresing) 35 BRY Py of
first condustyor dd@rableroPs QA& SlicRPeA sBbEd piel S e ABrrhH Bihe
correspondi ng pi xel addressing, as may be necessaPy or desira or
a sel ect ecetiappt dyeakap batwean setlected dirgicreducta ltlRend foeleetdd bycontie regi on

of overlap be a, selected firgst conductor 110 and a sel ected.
cecons  EORGRIAICAD, Mk Rk ek aRar §rYBHo T sUTRR RN ST P he
cor r espoRginBendit 820 tatthincd MRINSNEL 420 o iresidharRima diddeh 284 . to
cause |I3ht em ssion froma diode 120A. In other applications, such

as for stapther appdishiagns, siches doratpsic displasios ignige, i whishitisstransmissivend
duct it i 4l ted inEi 19, f
oo seB PR 0B L BB neBPad B Rl 4D B el '

101 n t he sectedtignaleyt Bl did@mipaedtivepplassdigsifidat®, 185, 275,
pol yet hyl ene- di oxi_t hi ophene (gr.ng. . Orgacon), a poalyaniline or
pol y9rrol e pol ymedd thefxemplary pmbadigment ofrappaisius/ 199, By 2Admplicthylene: de

ATO) i S gtichi i SSi . ) 140,
i e 1 TGRS G2 DRl d SAPRMACLRITEARNEbAPRC St Thiakids
i ts i npeddit®)andfornesmstypticexids (ADM)dy atilized ky fringhe (rangnissi@Osdeoh®) ,
O bR B SRR el Sk o
appar at Uss fipedah8Oor éRtanSLis Qofﬁﬁaﬂﬁ%y %@%{%ﬁzg@ﬁb,%n g%ﬁ ode.

Q her conpounds having conparatively TessS 1 mpedancé may 0 be
ut i | i1z ed comesphndisglyalopwiatayivelydhigh @i, shivophenennsiast forelznsiguence, in

f the exenpl di ment s, i duct 145
bt ng. a RBIATER PoR SRORRaT Ueipetaniedsr T eel Sk 8T “rmy be
i ncor por gbeekpbhdiag %peefrs&@qmefl@arﬁg@ﬂayhmhg/@orﬁﬁ&mbc@ls&weaaﬁc%)magm,

to reduce the overall inpedance or resistance of thi's |ayer, decréase
conduct i 8lsobemtilized quell asolyethdensediorithiprhspondis wenesequatces insome of

2" Tnai o dsaempbiEempinkus PRG Aeufu® kA" L p IR i B

such 2one loverfibpeddnde belres BRALE is@i nagbAhcdFByrated iktol dotrzgnli@gpr ovi de
nor e rapitg il]um natié)n,rwgnﬁbqlsij%%{léden%gi zi ng of éﬁ?le nor e t(:entral
porti ons Y@RSTRIFEVEFEENE GOTEAICOr uc ONeigd umgedrnpR prvicsistapeneli n
non- ener gi; he | f .Gl [ many

t ypes of SBé:lc%ﬁ1 glgﬁ %rgﬁﬁtﬁgﬂa}nﬁgigh%éﬁ % grllde%?%glc]f‘eglfc’@@%égsg)ﬁg#ﬁ%w?gr]%ﬁg%‘i ssive
second cepgluattiol {5)1834175 tdlvhaengisg alfemasiogfiof dynamic digflays. | Agtindizkiedn i n

vari ous tterns for .larger displays, such as for rapid 30blinking or
sequent i ﬁower %ﬂ%@sa%ygﬁa‘ﬂpg f%s%fsnﬂ' A8 SUF R ROPSIOIESRIrG GANETS ¢ o

formyene 198 iR vzl HoGROAHE hdkerabtPiltuifCaRh, dRbRnd HEnWelhs, JR%: D
formed using a conductive 1nk or polyner (e.g., a stlver in ra
pol yet hy hemecdhtok petibopbicthe appelty be flluminated, which would otherwise remain non-
energized and dark, due to the insufficient conduction of many types of compounds
which may be selected for use in the transmissive second conductor(s) 140. This is also
significant for illumination in various patterns for larger displays, such as for rapid
30 blinking or sequential illumination of different display regions. For example, to form
one or more third conductors 145, one or more fine wires may be formed using a

conductive ink or polymer {e.g., a silver ink or a polyethyiene-dioxithiophene polymer)



- 27 - printed over corresponding strips or wires of the transm ssive
second c I 140, or one or nore fine wres (e.g.,having a
grid pat 8’26%§&8ﬁ3§f% e fornmed using a conductive ink or pBF%JéF‘mﬁ/gﬁ"r%d
over a larger, unitary transparent second conductor 140 in |arger

di splays, to provide for increased copglucti on speed throughout the
5transparent second conductor 140. In an exenpl ary

addr essabl e di spl ay enbodi nent, the one or nore third conductors 145
are for npdingd cveserriaspomfing étrips v witss ofthe gamsnuissivigcbnEcdndlictomit hiopne

or two wires disposed centrally in the |ongitudinal axis of each
second c&h Hﬁ%?’b‘i’lg{%?f IR {‘frgal 11)/&?918& ErEkRaSE AW RECEPRd ¥SiRE 2 and

havi ng a :whdllchve g ; i
second cgﬁ%‘g}& g§s of @%ﬁﬁﬁ&%@ﬁ@ﬁg@ r%%b%ﬂ?}gg%%\gfeﬁ%&%%?&{dﬁ&@ﬁi S
enbodi med# imlargdridisplayatte grenads fom invegastdhoendactiorsspakd tppedoainthe of two

il lum nated pixels ependi n pon the selected resolution. In

anot E]ér i’i?g F€§$§edgﬁg8§?£@ﬂ'%4§ach of the one or nore third .
conduct or s 145 Y 1 @xdinpibAdfarcsstAdiSplapbiBodifRnt, Abrtinikat i S
bei ng connected to each other by per endl?cul ar wires. 15Q her

conpounds$ondicits kS atsdomned 4sasgriegief find wired ysinga tanduetiveeink rwils misei ve
second c [ 40 ] | U indi.umtin.ox d | TO) as, mentjoned
Shove. onRofileRulspbsctiantr AR B RSP Ris ¥ B {rop ot RRE O 267

may becomturkiitg\wi s¢ddntl Bendifctors i 46; lau@ hpeingaevigih deiparadle ke &padushi ve
pol ymers_di scussed above, such as pol yet hyl ene-di oxi t hi ophene

avai I'8b| &eiiregB caghHef the seend sonducioryeicdbe rlurdorepsesadh eendupiors 140. In

Dupont . - ¥ EmBOMGHED W PRl Ao P AL L SRU e X AIRE TrOM
t ransm ssliumingied pirctls; degtnd ingrups) thedd@loresd radcdntidae 1a anbthereskeipldty

various bi r11)d rs, such % bi nders which are curabl e under various
condi t i oREPOSHIER =§§°1é9€ § GRe OF Bof third eprrdustors Ad may Save uivieddaraphagy..
Ref erri ng,iagal i ; ' ]prlge ' :

conduct i vé %n%%@%ﬁeégelggggﬁaggq?g&& g‘??n&ggyfl r tnﬁgg%t\}gﬁe%r 110,
rat hef than a pl ur &thencogfpofindsswhich naydeontisizdd equivadent yxafmimethet he

the subofPiTashyGsoRd torfiarlsl 17 el il iicoiarr Pl & etiched
be deposkb@g, bl BEMrasERGARGAMNING b hreldBrentl R kRSN Blhﬁgy Beddntr al i ty

of first conductors 140. As an option, one or nore third conductors
145 may &hewn bethend) ingbingonerrsnge oéshergohduoyive phbhtienediscusiiabor e

first ang se uct.or.s..ane then energized, resulti in.fhe
provi si oguo a%g)g\?%ﬁ%?%nef lgx%flﬁ?héefl % f ‘{/algig ﬂaelf“gglf &855386 Bgﬂﬁoﬁ%ﬁ‘f%n such as
di odes 1R@pres¢istivii tmhemistR@Aordlctive hakdrialdkrt BeaiMbRl RIrexshpie! frofd  The
resultin aratus 275, therefore, particul ar useful ness

for lig h?llu'li’_@négﬁhi 4%573 paad AHef AP t&nakup@nt@pé&aozqr- disItiagsmissite second
7 0u © 2ol 0,5 SNBSS ORI Al Bl s Tl e
t eachi ngsumblectundepraantonditions, such as exposure to ultraviolet radiation (#v curable).
Referring again to Figure 19, as mentioned above, the first conductive
25 medium may be deposited to form a first conductor 110, rather than a plurality of first
conductors 110. For example, the first conductor 110 may be printed as a larger, flat
electrode over the substrate 100, 200. Similarly, the second conductive medium may
be deposited to form a second conductor 140, rather than a plurality of first conductors
140. As an option, one or more third conductors 145 may also be included in this
30  exemplary embodiment. When the first and second conductors are then energized,

resulting in the provision of power to the plurality of electronic components such as

diodes 120A, the diodes 120A emit light in the visible spectrum. The resulting



5 invention. Figure 28 is a second cross-sectional view (through the
71-71" pl £ e third exenpl ary apparatus enbodi ne j
accordanggg\?\?otsﬁwghg teachi ngs of the present invention. Bﬁh{gﬁ%p@%ﬁz%
above, the third apparatus utilizes a single first conductor 110 and
a single second conductor 140, and optgonally may al so i nclude one or
nore third conductors 145 over or within the second conductor 140.
10Not separately illustrated in Figures 16 -28, foll ow ng deposition
of the trppmatus gl ehgefoondhaspatodeousefiindd fordiphting epmjptatiomadnddoe or
nore thi r%.c%ndrct Orfﬂ 45, various protective coatings may be

appl i ed, SHECHRREY APRRCAI9Mne el at ed applications incorporated herein
by reference. For %giff@_b?dséHfgtM@Eé-ﬁ%&ﬁoﬁd}%ﬁﬁ(tﬁ%u@ﬁ?ﬂ@ﬁﬂ?@ﬂﬁar&%?ﬁ@
conductors 140 may be filled in by any of various optically

transmi sé&hinkexsmpl8y saparetusambpdisest in agcondanas with thededcbings obthemsesestuch

as red, gre ngd. bl {"RGEB"), .. may he overprinted, definin ol .or ed
o xel 2 ot Figta it sREon o RSe il FRR (RO BlinB Lt s Pag o1
anot her aliteepaiplae apparefis ambviiaient ingi&bo@aﬁdet\bﬂﬁgﬂﬂit%ﬁﬁlgg6ﬁthte2p€esbmpe
of diodes 12Q0A utilized, the various LEDs 120A nay be selected to

provi de EBICREpohindiratel Brve, thuthirdappasius sdibarid HieglREBt condictor 1aAd
printed gpd, %ﬁ%go @coﬁnﬁpﬁéf%ﬁf ?ﬁc? 3@9&(1118 g%a 'effs%l iﬁile% one or more thiyg]en

one or nore o plur TSt con ors one Or nore
of the pkoudictdry 148 otaransvithirsihe @e@ad @oadwesrddor or (s) 140 (and the
optional one or méfqttéhi rd cqopnductors_145) are_energi zed, such as

throdgh the applic Fpasgtely 1 Wﬁa@ﬂﬁﬁéﬂ%ﬁf Mot ?%fgfél,lo‘é%rd@?‘)sd\ﬁi?q ofijhe
suppl i edtﬁaﬁsrﬁi%%gg gﬂi[coﬁsﬁ' @%ﬁiu@ﬁﬂ{sﬁ) N4 BpESHaP ordiHotethBd cor?ﬂu@%‘?ss

120A (e.qg., . at the correspondi ng tntersections (overlapping
ar eas) ofl4d.harienepicctde foatmgs vopdaeppiis, 4diddoattdse derdlacdrgpbtaions )

140, definin i xel,, for. exa e. Accordingly, by s ctivel
ener gi zi H@’oﬂﬁ)éﬁ#b??mcl%yn@%?%eg@ P18 e%&%ﬁ%ﬁ“ﬁ@ﬂ%ﬁﬁg%s?@)&ﬂ , the
appar at ugechh@ coddtRtd?é D0 HRS bR filled Bl bRkl S5RARL S op i Mafsriis§iPd Y- FOr
exanple, the plurality of first conductors 110 nay coOnprise a

30con$ es ppifticatpials.alni adgition, vanigss coalorm(sttteasiedsgibént anddflue ¢ REBH)Bsi ve
conduct o ey H5 i bipihickt 8o A ARG DBRAFBACHR: s XBForthe PRYSi SLbPermnte wi ¢

each pi xebmgeddnieid0byin thethbndlRuSAiGE, Abh 0 whMelifarphittheQfiods are 89 -
row and correspondi ng col um. Wen a second conduct or

190 1 "1 Binved dision ik OaHgeds Reatrioss LED 670 xeapiesciRatedds pIVdsot 1 af e
power t 0 2 ED EAFE BH Sy as O GRAMERRGE oY, o Bllel pr BTy,

conmpomenfamld@iresparelngysixele. provi de |ight em ssion for a static

di splay. 5In anoth exenpl ary enhodi nent, en photovol tai ¢ di odes
are utilized as th&e;léqne‘i‘f’teroéﬁ?‘lfe egﬁ‘ﬁd’ﬁgﬁlﬂ@ Of\%k?t RRdIFaRd 1 Qjand ene grs

exposed hfyr@of i %iura (o BranSRQLIOY sobhd c&ﬁu%ﬁ?@%%@%g@iﬂhet(%}ﬁié)ﬁ%leo%teropni c

conponents 120. ectfical energy generate ormof a
vol t age owrethechtaondaitors urdb ot enemgizethesuob taihnaghlibe wadivatidreofd r st
conductors 110 damd the second C[PQd“Ct Pré %) 140 an?l utiJized as a
corrésponding voltage, energy will be supplied to' each of the electronic components
25 120 (e.g., diodes 120A (e.g., LEDs)) at the corresponding intersections (overlapping
areas) of the energized first conductors 110 and second conductor(s) 140, defining a
pixel, for example. Accordingly, by selectively energizing the first conductors 110 and
second conductor(s) 140, the apparatus 175, 185 provides a pixel-addressable, dynamic
display. For example, the plurality of first conductors 110 may comprise a
30  corresponding plurality of rows, with the plurality of transmissive second conductor(s)
140 (and the optional one or more third conductors 145) comprising a corresponding

plurality of columns, with each pixel defined by the intersection or overlapping of a



10 power source. For such power generating enbodi nents, additional
coati ngs econd conductor(s) 140 may be utiliz

concentra (éﬁé)ori;}lg@ggs | i ght onto the photovoltaic di odesggﬁgﬁ?o%lﬂﬁ%y’és
by having or creating a lens effect. In addition, various masking

| ayers may al so be utilized, such as_.pyer the raised (or non-channel)
portions 115. 15Figure 23 is a cross-sectional view of a fourth
exenpl ary appar atus enbodi nent 175A in accordance with the teachings
of the presespondingemyiand coffespunding 4olumna Whassssend cantaktovil éhvisof a

fifth e | ary appar a enbaqdi ment. 175B i.n accqrdance with the
t eachi négé%e%t%@ ‘%Fta@v e ﬁ@%ﬁqrie&ﬂmpl@iﬂgaﬁé?%@at&ﬁ&l 1059 1%, porgrang of
appar at ugescodhdtlosUadt 144 €A1 %9&6%@(&%&@&%@@%1&8?@650 Bsiﬂeﬁugality

di fferent shapes or 20f orns of caviti es 105 and’ridges/ péaks
such as ©f tlgnigeniacormpomants/i20, sushras dhproviledisht emyissionder, a static displapl e.

Figure 25 is a cross-sectional ,view of. a sixth exenplary. ar at us

Enbodtmont 186 |0 dRadhe Seta ShadiEat whia oSS EVRES fiodB0RE

i nvent i onilizddeasanpaleaistiic dShpstchtsen®, Wheimhe eviep Red:abstdl 18 43ighNsRE&
as the correspaonding el ectroni c 25conponents 120B are three-term nal

conponentBerey fiH ba genaraied by s eleqtpmic eononpityd £0. Electyionl enezgy

two-term S . 1F u n enpl ary
embod mefe e 2 BrD Lt JAE AR of it Skl 4y 32 o
conduct obstwkeb thenitshconduedel tli0amdlthd stsohdédndgctosye140] 64 utdlszed as a

illustrated. These additional, respective conducting and insulating

el eméht s PAVELSNESE- BT FBFRAV Y IBEBtighng Frabostimpnts g diimalepatinggover the
processe [ @ i [ s a
S B O R
i n accor ghotorolwiit Hiotlbe 1202 shengsbyotiavitpeorressimgta [emswedfect. din.add&ion; 30 -
previ ousl X‘di scussed, the order.i Sg .b%swe n the eposi%' on of  the

pl ural i t y*BPUSTPFSECa¥TS E13 A0 PrOTLiner SHER St MeiTaredor iRB-chimieh) i t y
of el ect LeRiohs¢psrPonents 120 in an insulating binder 135 may al so be
reversed. As illustrated in Figure 26, the plurality of electronic
conpdhents 120 in &igureddlisa ¢noss-fxcticenl viesboimipultb cdeppleist gpaiatiso t he

LS bl 78,1 PP R S TR L 20y,
printi ngigderosdsdctiong veNBEE filith @x érfslaRDpphrallis RiddRHedthgsBligct roni c
Conponentagc'ordance with the teachings of the present invention. Figures 23 and 24 illustrate
apparatuses with substrates 100A and 100B, respectively, having different shapes or
20  forms of cavities 105 and ridges/peaks 115, such as triangular or curvilinear channels or
grooves, for example.

Figure 25 is a cross-sectional view of a sixth exemplary apparatus
embodiment 185 in accordance with the teachings of the present invention. The
apparatus 185 differs from the apparatus 175 insofar as the corresponding electronic

25 components 120B are three-terminal components, such as transistors (BJTs or FETS),
rather than two-terminal components (such as LEDs 120A). For such an exemplary
embodiment, additional conductors are utilized, such as fourth conductors 165, with an
additional insulating layer 170, as illustrated. These additional, respective conducting
and insulating elements also may be formed through the printing and coating processes

30 discussed above, as additional steps.

Figure 26 is a cross-sectional view of a seventh exemplary apparatus

embodiment 175D in accordance with the teachings of the present invention. As



Figure 29 is a block diagramillustrating a system enbodi nrent 300 in
accordan ' teachi ngs of the present invention.

300 incl Syge\s%dasﬂsﬁ%gppar atus 175, 185 (such as an addresgggﬁjgi%%}og%?
di splay), with the various pluralities of first conductors 110 and
the plurality of transm ssive second-ggnductor(s) 140 (and the
optional one or nore third conductors 145) coupled through |lines or
connectors 310 (which nmay be in the formof a bus) to control bus
315, f or poougishndistussal itteraptidérarg Hevweenatie deadsiionlof thecplntatiof of fogi ¢

bl ock) 320 d f l .1 350, which 1 b
o pover cauiithes ¢ 0efPHR kit ROPRkm 3hst SEeranis coeamepsdebabeanc
power  soukting billef$3 51015 ARe/bd reverfidl 14 iHGStEh@é’%ih)Fig&Q%Pt}%Qb{&%}%& of

320 conprises a processor 325, a menory 330, and an input/outp
(1/0) i nekectratie cagpongnts hrbivassosulatgedindey 1B& mambetdgpesiietl imotha ol | er

be enbodi . 32
adapt 8d EBAeky P AT R SRR B AGH FEg9 S0ais LU Renbrh ALY Pbr m
pr ocessoffiritzol@eto @ nfhy b fBFAEE SS as e Drivbivig bAE bitaey ssmdattiv inkngl e
integrated circuit (t"l C'), or may include use of a plurality of

i nt egr at @BOW|or @raung ths clegtraic esnpisBISt s connect ed, arranged or

gr ouped toget her, ] : I 1 0, | Qi :
si gnal processors ?]I%EE?)IS?QFJ%)?%filagfa%b}l@g{efétggas&%uﬁﬁlﬁ%?ag{nggﬁo mn
pr ocessomscordaret ovithl ths teaalpipbs 6fthe pressmdnvention.i Thegysadne 80 Inthidies sn

"AS|I Cs"), 25field bl t . "FPGAs"), adapti

Comotid nbpists 1258 IR dRisd T narg e bl S Ralith RARERHHD RGeS g st
th I : e 1

ot her C%ogﬂ%acfrgﬁrgg&% g hﬁémg T AIRGAREDE Soco c&&ﬁgto?ﬁ%@}d;@g & erm

processor erstood to equivalently nmean a a
si ngl e | Gptional ane angerethird ebnducsdre i §)Coppladti@engiphinses sonsctors 310

m croprocgessors, controllers, FPGAs, adapti onputing 1Cs, or sone
Ot her o OUBRAG 0B Bt us) Peanne Bads BEFRETEIRESTIABE (Sne
di scusse h1GHely, QG ¥ ' :
T e e U R g
or E2PROMayfepr BEawssr sgwek Guelsaspr batesg or a phot@voltaicdzd) or o AR paver

e ok SPuBEIRRY nofPsha B BRUSHy Ry SS0 e SR b BRREAocs o
t he i nveptdcetsor 28 MEmEE! B0, bivBarPinkel/odpld(POS imerfaded3sexanpl e, the

met hodol ogy may be programed and stored, in a processor 325 with its
associ at ed menory anieessere d8p ynay3G)any dypesytcaairoléa o pedcessor, and may

conpone mo? ’em%ﬁ%iifég %EB?é)Br I%I%%r? g%&%gﬁy Catd%#Q? ta” erﬂbtnl}let[le AOARod At

equi val ent "con uration or o Fogra or'subsequent executi on
when 26 he dipcoges herein. SAohetahi precéssoreis usqidwesiech pocanst I23naiy moiudg) .
Equi val ent | when .t he processor 325 may . inplenmented in whqle or part
as FPGAs PS%%%% IRelF dategid ﬁ&ﬂrc%?ég, ) PhEvag prshade usg of & plw ey of mAesretgd

0 e ey e bR e o e
be i npl exventrdttry sniempercessogse digithl Bigng powesoor DSBS pavdllob peacessors,
m cropr O(I:neuﬁtSIp E%bre%%gcsessors, custom ICs, application specific integrated circuits ("ASICs"),
25  field programmable gate arrays ("FPGAs"), adaptive computing ICs, associated
memory (such as RAM, DRAM and ROM), and other ICs and components. As a
consequence, as used herein, the term processor should be understood to equivalently
mean and include a single IC, or arrangement of custom 1Cs, ASICs, processors,
microprocessors, controllers, FPGAs, adaptive computing ICs, or some other grouping
30  ofintegrated circuits which perform the functions discussed below, with associated
memory, such as microprocessor memory or additional RAM, DRAM, SDRAM,

SRAM, MRAM, ROM, FLASH, EPROM or E?PROM. A processor (such as processor



and/or ASICs, collectively referred to as a "controller™ or
"processqQ. I are respectively programed, designe

confi gurgwgotz%o\%l?r@g%nent t he nmet hodol ogy of the inventi OgFTﬁ%%tsﬁgszg‘F
conjunction with a nenory 330. 15A processor (such as processor 325),
with its associated nenory, nmay be copfjigured (via progranmm ng, FPGA
i nterconnection, or hard-wiring) to control the energizing of
(applied voltages to) the various pluralities of first conductors 110
and t he pRAY, atithtiys asfodiatedhswinesy, \neyskecalapted on dudignrdds(vialptogaaminghe

opt i onal or nore third, conductors 145), for cqrre di.ng control
oDt Cnhat R BorR TGRS o SR ATV HRES I Eterhisht Poihos ey PLed kT ighor
ti me- var Y élfasHefetiay pixBf LIPS N FERYxBEH18) rt@@ﬁlefm&lp%&ia e peshrammed

configured and/or hard-wired, In a processor 325 w s associ ated
menory ( @ndsteredaimdpipcesd0o) 32nwithith essoeigtedvagreony (ewhipomemery, 3343 and set

or obr 30y OMsr STkE B ob et o e he AR LB o8GR Br
oper at i vequizblEheconEigiayios 30 othehpioBraiByot fitbkétienfexdaltdn wiRgsheory (or

dat abase), may be enbodied in any nunber of forns, including within
any conpifRGessSF IAnseriviedthi prsverehera prdiuastieonisg)o Hgyeataady uwhehibgor v

devi ce or I i }

communi o BERES 228 SR RRATH MR UM EE T Shn SR LSRR AsIC,
avai | abl ehd l;PCGAe, c‘uuﬁou'E KCs ormic310gialyg, mdiite dvsignbdl,r&)?ﬁgln’e@ancaoﬂmmggdred
30integrated circuit ("IC'), or. nmenory, portion of an integrate
circdPt (? uelﬂe@gnftth% mﬁé@ﬁa@w ofthedryerifionnifRr %zcaﬁm%égwpceaﬁz@)%%m@f her
vol ati | e@r, - i I =

it udi ngeu e oy Rian o HRRROR o 1O PR i
MRAM FeRAdl/pr RGICs, EPRGMvely ERtRROG aoz “a@myrobtfier “pocessaf’, whivhraye

devi ce, such as.a rra%neti hard drive, an opti cgl drilve, magneti c
di sk or TEBECTHHEINRIOBTNAFY gy gt pHapied QGrnBREYEL R IRPIFEEI AR e st or age
or nenor maﬁfho@o(ggmh@ﬁvamtdn%%nw&hm ithlaRdhod B9 RW di gi t al
versatile disk VD) or other optical 5 nenory, Or any other type of
menorl§, storage nedi praccwser Guclhasproccsger Boparitt itsaseeciaticd memory,whiye h

erbod: mokt coMik i R B A pp AR et B Dot i SR ool e
f orm of @ﬁé’?@lﬂiﬂf@ﬂ(ﬁpﬁlidﬂi&dﬂt@gw”tbﬁﬂhe ROl RErali OBt doRaaalse 10 and the

instructions, data structures, program nodules or other data in a
dat a si gmiralgy ofbansratsaiye ssegnarondugion(shs4Giipnd dhg etionalrangrmsmaze grird
opti cal i e-or r r } 0 neludi

Rt or mat ¢ pdusEfrs Y e SR aERB ARG el BAR PR § o Wsrhila.

i nf oroat iFoRexample Stagivadr tinvd-vardingrdispl ayelnfssilagion tnag b @rop@ammed and

el ectromagnetic, _optical, acoustic, RF or infrared signals, and so
on. The ﬁ%ﬁﬁiyﬁwrﬁ%w @’@6@&1@&, G IPERSEON 20 Vitlsits sERCIR{pd PISHIORY |
par anet er, LGl kN L ?'{Eg'” g

i nstruct i(%tlndé&i(}g%&{)ﬁeﬁ?gg%q ?ﬁv@?%qug%lﬁg%kgggﬁ?g? %\%?\’? Pgir%? E% an gtf[i%nesr
types of (vradmjuesiatconfamirgdanatraser padgran) for subsequent execAtion whern dteed

above, the cgr ocazgor 325, is programmed, using software and data
st r uct ur PEGFOf e ISRASHEYEn, for exanple, to perform the methodol ogy

of the present inV@IfHeirHéinorg??;g, nﬁ%ﬁ%ﬁﬁaﬁdeahgfa%@%&i&?ﬁq&%m&@@d of

the present invention may odi ed’as software wh provi des’ such
pr ogr anminfry berenghddead inpey numbeoefSoray ishedingithinsany cofputes or athei ons
and/ or net adat a ed*r‘%f)d& Ff‘d within.a conputer, r eadab} e

machime-readable dafa storage medium, meémory device or othér storage or

communication device for storage or communication of information, currently known

or which becomes available in the future, including, but not limited to, a memory

30  integrated circuit (*IC”), or memory portion of an integrated circuit (such as the
resident memory within a processor 325), whether volatile or non-volatile, whether

removable or non-removable, including without limitation RAM, FLASH, DRAM,



medi um di scussed above. In addition, netadata may al so be utilized

to defi nq’véggﬁﬁg@kgus data structures of a | ook up tabl 98&[[}32‘{"8@85&8?

dat abase. ware may be in the form of source or

by way of exanple and without limtation. Source code further nay be
conpiled into some formof instructiogs-or object code (including
25assenbly | anguage instructions or configuration information). The
software, source code or netadata of the present invention may be

enbodi ed SRR AMy SRy, MRAdECR AMc RO, EPR GM-or BPRGIVICor dnlyStherfdm of
Java, Brew, SQL and its variations,, K or any other, .type of pr anm ng
| anguage IR SGEFFOPRR =% hEEtHET PGS gt aptey duud aerache SFKEr Harng
various figiveVied dikidrive] @ReiGhadhffeeRdH1RNaLE BImbABBLRABES si& & 2
Verilog, 30 VHDL, RTL) and resulting database files (e.g., QSII). As

a conseqtionpe disl, @ €BROMue CD-RWsdigjtahwersetils diskd DVD)Y o othonapiécal

construct” or "software", as used equivalently herei means_and
refer t SR pTaY ST AP LA, SpeGRumh ar iR sipreg Rbaralis

synt ax OfkirghigRatith Bknowdiodg whdtobdcegiss RiiowdtiePpéndintl @ionrtes §dedi@ provi de
t he associated functionality or methodol ogy specitied (when

i nst ant | §bgdigrent.olgrddition, snch cempaEss sepdable reesidpine bidesany fexaelt ed,

i ncludin : : i t or
other sogParnRaREE Rl wih of Bba e BHRbRL: e LABI SR RORs, R BB
file (objpesgramadeluldair atires datadn akorlsignpl srahbd)latedyighsl, arhadaed wi t hin

any tangi pl e storage nmedi um such as apy of the conputer or other
machi'fe- FE&H&%F@%‘%@& DEFE# SYEhwaraor %{gerdﬁf’r?«amrémfé@wab ligeluding any
instructi tal; : I . : . h as
i scussed o RR RIS AL il R R bR Bl
a CDROM vare@or RuyelessPyidcluainggjemtontmghetial opiti¢al,ecoastic ] RB pt infeeredisi gnads,
or any other type, of data or age aratus or .nedium as. nentioned
above. 2ndso o PThe ey %ﬁ WP%S'F 3@&%&@_%9V%Oﬂsﬂﬁﬁ%%ﬁg@a’ as known
or may b?aﬁﬁﬁt&ﬂ%@fﬂcmﬂté)sﬂ@f Inforddolayd bia) Megrali¥Re AARGEHSRYEM IR
capability, voltage translation for a | ow voltage processor to

i nt er$ aceoffivarg of the RyRssnt noertiye, andrathas|ty s of 8tbiss suetdasidfababotables.

swi t chi ng nechani sng. .( &. 0. ransi st ors turn various.lin or

connectors 310 on (I‘;&rss %&Cgﬂeﬁa]}’c’e?p%ﬁé’éoc[%g%?’g%éﬁRrﬂ%rafnrnb e f)?efg‘@aergsor

325. In afdiith efucttiRe ol #2 ihvin@ibh,FeLedfpl8BY paHeen IR md &F the

receive and/or transmt signals externally to the s%stem3 , such as
Q

t hrough REGSEROARYSIHGN 0ASRICOBSegHENGeNTS sy Bemand msithod afdhe prgedny énvention
i nfor mat lrr%'/ Yetmbodied as software which provides such programming or other instructions,
20 such as a set of instructions and/or metadata embodied within a computer readable
medium, discussed above. In addition, metadata may also be utilized to define the
various data structures of a look up table or a database. Such software may be in the
form of source or object code, by way of example and without limitation. Source code
further may be compiled into some form of instructions or object code (including
25 assembly language instructions or configuration information). The software, source
code or metadata of the present invention may be embodied as any type of code, such
as C, C++, SystemC, LISA, XML, Java, Brew, SQL and its variations, or any other
type of programming language which performs the functionality discussed herein,
including various hardware definition or hardware modeling languages (e.g., Verilog,
30  VHDL, RTL) and resulting database files (e.g., GDSII). As a consequence, a

3 %8 3 Gl

“construct”, *“program construct”, “software construct” or “software”, as used

equivalently herein, means and refers to any programming language, of any kind, with



real-tinme to control a dynam c display, for exanple. 20ln addition to

t he cont rghl illustrated in Figure 29, those of sFiI Ln the
art wll \?éggdéshlsﬁygst hat there are i nnunerabl e equival en CT}USZOOS}OGSB?

configurations, |ayouts, kinds and types of control circuitry known
in the art, which are within the scopg3of the present invention.
Figure 30 is a flow chart illustrating a nmethod enbodi nent in
25accordance with the teachings of the present invention, for formng
or ot her why eymtenorf agiamnesgvhitlepmpplas at e Heribteri8ed tap@vitieakd skasciated

useful s ry...Begi nni with start .step 400, the nethod deposits a
plural i t?“%‘%?#%@%t?ﬂm%l%wp%ﬁd (t’fvfé?nd ?@?b‘kslrfaﬁ GeRIMIP &IPFRSFSIOF of
channel s ¢gipéitc HiRBécdlRd, i%El%Bin?.Qﬁ’e Pﬁ%o@ﬁi’f’or%&hﬁb{?ﬁg a conductive
ink, followed by curing or partially curing the conductive ink, step

410. A plurality ofThc3oftepise metndiie, amtharsentcs codypf thabtegert iisypatided | n

a binder, ar hen Lted over the plurglit i rst conduct.ors
M tng. carf ebpisaitag SRADR e e, PG Slob o Bbic Y eRiRoH G o
are t hen vithieatyeengislegorage arBiube Judh Bty of tiRtofdfier W biket RBcIAREENt €d
- 34 - electronic conponents, the binder is then cured, resulting in
st abi | | z&epdaplefdatasipragemedisngsccompraieasieblei instaiclions; detalstrugnteact at a

first en j | ural i 0, i clLors,. step 425, As an
opti on, %ﬁr %@%ﬁ%lﬁgﬁg Sﬁ{ae% ?%ta’ ﬁfug{}g% gitsﬂlgs§g€+{)soggt%tharﬁ%?e?tetg.%éq\lglfﬁorya

pl ural it B30fe.g.r afloppysdisi,a COROM, LODRM, 0 T5VIRS £mbpeticdaRPitean and
cured, 5maki n% electri ngl cont ?ct at a second end with the plurality
of ellBct PBRASH IEBPAIG B OTCT Hipe 9T 48 storsgccappmigiisoy medismiasarrnsionadich as
for an aggggssabl e display, the plurality of transm ssive second
conductors are oriented substantially perpendicular to the plurality
of first conduct or §he@f inderick 335 aaylberiamplemencdd dshkinoem oo ndybeogrse ar e

t hen deposited (and cured) .oyer .the corresponding plurality of |

Lt ansm o SORN Cut6 i LB Gledimped g HBEM Mot Eube: by aggyransiation

deposi ti @ { BUCIbIRSe bRICCHSoRhicPht\&Hth thi?f%l' @81%%@ B Ahs 315, and
hod y end

protective coatings, step 440, and the ne , return step
445, 15 various switchinghueaianisie (4. oy tansisters heguimeaniods Hugsi dyednnsictdrs 310

FrRLE s M T D i e e

herein, BafBa9uso RS teiRkavE SndberRlstii Hthls S4&HalBbto 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.

20 In addition to the controller 320 illustrated in Figure 29, those of skill in
the art will recognize that there are innumerable equivalent configurations, layouts,
kinds and types of control circuitry known in the art, which are within the scope of the
present invention.

Figure 30 is a flow chart illustrating a method embodiment in

25  accordance with the teachings of the present invention, for forming or otherwise
manufacturing the apparatus 175, 185, and provides a useful summary. Beginning with
start step 400, the method deposits a plurality of first conductors within a corresponding
plurality of channels of a substrate, step 405, such as by printing a conductive ink,
followed by curing or partially curing the conductive ink, step 410. A plurality of

30 electronic components, typically suspended in a binder, are then deposited over the
plurality of first conductors in the corresponding channels, step 415. The electronic

components are then oriented using an applied field, step 420. With the oriented



15exanpl es of el ectronic conponents, electronic and structural

connecti Qpg 0£ﬁ$&kLals, and structural variations, to p&gxbgg%smﬁﬁg7

t hor ough 'unders anﬁing of enbodi nents of the present in

skilled in the relevant art will recognize, however, that an

enbodi ment of the invention can be pragticed w thout one or nore of
the specific details, or with other apparatus, systens, assenblies,
conponents, materials, parts, etc. 20l n other instances, well-known
st r uct ur ekctrosicepingbsents tholpedetis tes cared, redltisgecitéhibizdd or fekedwn or
described,in detail to avoid obscuring, aspects o nbodi nmen of the
b esent  CIFERTRGAMEPRETAEH 5RO Erect F BET Srd ylnebBRERER! Golun 1o
scal e andogdiRrg stptadse ALaespiRgd, ARlitdnal ﬁlsﬁlgti%é?ﬁ 8 S5l dd B g et
this specification to "one enbodinent”, "an 25enbodi mént", or a
speci f i ¢ Nexhigqdunghitn of trasgmissivh aecoad ganductars are theradepositedemdigutads e, or

characterjstic Al i n.connecti,on.with t epbodi nent i s

Cnal oS eq iRl GREN BRcr B aSERETHY Sin'thE B8y SRR SorhPansatnot
necessar isley 430. & bxe@if1ogi cividimeras) dudiidst oL hn addressalsle ditpRe S8 Hilrility
referring to the sanme enbodj nent. Furthernore, the particul ar

f eat ur es Of gpnsRIpsiy@secont coiluptiors &e paented swrtaatigliy paperdieulaipois ment

of the 3 i J C i Q- i nner
and 1 anyRAES B RERIAE, ORtolily: L BREIRD of B And M BUGHIRIT S

i ncl udi ngepdsited édafurs loeat thd chreapondiag plutdiy bl conshesiavdtarg use of
other features. In additfion, ny diflcations -35 - .may be made to
adaptl®a SERGUCEP-Serd rf%lgw.f-‘eﬁ? 28y OGRASItIAN (SHCh A Wopgh PEBRE AL sclccied
essentia S ki i i on. i be
tnder st 060 o e e AR P e b S o et
of the present i nveythoogh thedovdntied hanbeen|desstbedivath tespeet to speafic

possible in Light of t t eachi ngs herein and, are.to he considere
ot of - EREoBan Bersht Tuist SEOBRTION 5t BSEAY Tyt o not Festictive o

It will #eavarioaPRA B @bshtididHer@h GudlerdRIsBe@fic 1O S8 FRRlided SRinGied
in the Figures can also be inplenented in a nore separate or

i nt edf at examplaher ¢legronds eampanenisedlecsronieandetadiuial speneshivrs, mtasials ai n

i oo ai 792 PEvAEal Hilionhs BRSRGARGRUN b BRLN LG o dPS SBtene

scope of ptdientiimv@ifibh 0 Mine RRIlEH enitha rkl¥vn® bt &TH @tioFRIZE Shdwbveh it aid
separation_or, conbination of discrete conponents is unclear or
i ndi scer AMBpimeniohhgiinyegHon gaebopraetiied matheut enngsimeere of thedpaific

i ncl udi ngeﬂaﬂs ol gvi%ﬁa(ftflé}%g Iirgﬁ{g}ssgﬂéﬁﬁ @s%er'rllﬁl?éép&;rﬁggneg{s, mgi@{"igfsaﬁ%lr% etc.
means and | ncl udes any PrEct OF TR Tect & ectrrcar "strudt s “'6r
magnet i ¢ In other instances, well-known structures, materials, or operations are not specifically
shown or described in detail to avoid obscuring aspects of embodiments of the present
invention. In addition, the various Figures are not drawn to scale and should not be
regarded as limiting.
Reference throughout this specification to “one embodiment”, “an
25  embodiment”, or a specific “embodiment” means that a particular feature, structure, or
characteristic described in connection with the embodiment is included in at least one
embodiment of the present invention and not necessarily in all embodiments, and
further, are not necessarily referring to the same embodiment. Furthermore, the
particular features, structures, or characteristics of any specific embodiment of the
30 present invention may be combined in any suitable manner and in any suitable

combination with one or more other embodiments, including the use of selected

features without corresponding use of other features. In addition, many modifications



coupling, connection or attachnment, or adaptation or capability for
such a dig§ShosAkgeksi Ndi rect el ectrical, structural or n?@?ﬁlts-btﬁ)gmﬁszs'i
coupling, connection or attachnent, including integrally forie
conponent s and conponents which are coupled via or through anot her
conponent . As used herein3for purposes of the present
invention, the term"LED' and its plural form "LEDs" should be
understood to include any el ectrolum nescent 20 diode or other type
of carri enayilsjreadd toradapfra jantiaddrapphertiod, Stystienomnitetialite thragsadbitia] of

i Uhoot FPORCRPRBirY O i R el FusdbioSs B bdeedoad bl Bhers Rk

whi ch eminfodifig@iibné Bf the $R®BERdnGs G the!preSdtl ifienNOd 8&8E8bed dr@Ntiu@Akddt | ng
pol ymers, organic LEDs, and so on, including within the visible

spect r umhexsin gepepsiblpae Hight of flamhteachingsthezam enderede be aensideset] past ofths
bandwi5 dt Q iri%?ﬁ’cf sc%ée%?%e(iﬁ!as%{lt l%,elﬁg)lnor tenperature. Simlarly, as used
o? pur poses of t'hé pr

herein f esent invention, the term "photovoltaic

di ode" and its pl udeilf gsarbé phmecimed tiak oncldrades of shdlbdeke deieed &t ood
to include any diode o&ﬁot her t%pe of carrier injection- or
j unct i onheddlgEres gan alse Gpimplemenied i b MOTe sepgraePnIcER ethmannes 9T icv e

si gnal = ote Rt Nor finSPRLEIY irl Berlafip b | -
i ncl udi ngevét Rout ({%néatlgt on, \I/a!rg? gus&ggsgg%@%?ﬁ&%ﬁ%g%@?éﬁr‘wha
or gani c- particolahepplratituonhitepsaty Srmod tambinatidnslf cemponants geaBo atithia

current gr volta or ot.her t f.power .in response to exposure to
“U36 10 o PissoPBT e ten o natt ety (B FBRdiEICOs ORI S CpRIE B o7

Spect r UMeoRbinatiebf $RGEk @nipeatn@ s dhclchdd AliRterRibld. Tha@l#En, QE o2
bandwi dt h, or of any color or color tenperature. Furthernore, any

si gnal aterswsoppled herdinaitichyisrgHingtsrvasioghivamsl sieh as¢asudiagddr onl y

exenpl ary, a not limti.n unl ess ot herw s ecifically noted. .5
Conb nat | MBS C B Doyt eng 3] ofindirdE e BRRE R, Pyl orandanere

t he scopeo@flingheordeesandr diavianttOst adeghtibrc s Gphbiliwhek Sudnedipt bi ty to
separate or conbine is unclear or foreseeable. The disjunctive term
"or" 15 as mgdEat HedtEra, sngturalras maspotic ewplisg.aonseatioator pigddhownt, iincluding
general |y ] y ) i bot h { unct iV nd

i 55 unct bl ithel G HRERn ! Amponl R yRINRE SR YR Gyt

meani ng) ansthérasnpohbet Wi se 10i ndi cated. As used in the description
herein and throughout the clajnms that follow "a", "an", and "the"
i ncl ude plural ref é¥saiiedbersin g puipRessof ticaieseat wypntpng thettasnp SLED

o her B By s DD PSSR PRI U Y
t he cont diddeok ethet typdiof taties inpidtienvorgenctibnebakat gg@myhitbdccdpable@f of
HTustr a%ggeraﬁg%orghgggﬁ ™ roe];pgngg e gé]t;['ical signal, including without limitation,
various semiconductor- or carbon-based structures which emit light in response to a
current or voltage, light emitting polymers, organic LEDs, and so on, including within
the visible spectrum, or other spectra such as ultraviolet or infrared, of any bandwidth,
25 or of any color or color temperature. Similarly, as used herein for purposes of the
present invention, the term “photovoltaic diode” and its plural form “photovoltaic
diodes” should be understood to include any diode or other type of carrier injection- or
Jjunction-based system which is capable of generating an electrical signal or other form
of energy in response to incident light, including without limitation, various
30  semiconductor-, polymer-, organic- or other carbon-based structures which emit or

generate a current or voltage or other type of power in response to exposure to



15i nvention, including what is described in the summary or in the

abstract 1wb§0d§9%09i6§'te”ded to be exhaustive or to limt E’E%!l%S?(YO\%BHZ?‘Ee

to the precise tornms disclosed herein. Fromthe foregoing,

observed that nunmerous variations, nodifications and substitutions
are intended and may be effected wi thget departing fromthe spirit
and scope of the novel concept of the invention. It is to be
understood that no limtation 20with respect to the specific nethods
and apparckrctremagiatistradiniet, frealeding vsthimthe nidéde specshmubcother spafter suehl.

It is, of cours intended to cover. t he appended clains all such

modt 1 cach SREvREeos M EFE RSy REMGHigRl ot BT af St RaPesing, fot hog

of manufacturing amruethehdreting seRRPARGWSin thO BraiBi Ao G Hdusd BY:

depositing a first conductive nmediumw thin a plurali tg of cavities
[1C

of a subsprugacd enly sxamplagy. apdnpt mymes ynless athnrwise speaifically noted.
d iti : i | ural | ec i t
o R HERE B Lo Pt i BRI AL R RS bR

within the cavitiées,y wherern t

conponentpsesaiitingenpiot) pdrii¢wladf wbredbsalsitityao Répaiat bt YorAbint (uikidt 6F S;
orienting the plurality of electronic conmponents using an a@pl i ed

el ect r ondgfesealles Toe disjuncve term “or”, as uggd fiseqin preythaougbeutihe clopns tat | y
transm sgi i i ¢ a LAl i t . . .
conduct of o6 3 BHREHLERIRTE Tk /B L HHE ROl BT Apigmerive
el ect r oninccaomgp (enen$ sotagoafised fpeand o clusive otfl mekinhgp ) prdéds mthedwisEhe

met had of ¢l ai ,further conprising: curing the binding
rech i wirdiettd o pistp i A P Ioudterah e Bumnsbnutibs Cared el BHOU By
the appl iggh gh@ctheoRAMR Phfal ﬂeﬁ!criéhcles finledRe Hﬁ{tm@léﬁﬁ?@gﬁé‘t% &Rgﬁgﬁ%‘ée' n

t he cured bindi ng medi umhas a dielectric constant g er t out

one. 5. Teo aratshdin b descaiptios herfein atkethranghyputithé elgims that follow, the
meaning of “in” includes “in” and “on” unless the context clearly dictates otherwise.
The foregoing description of illustrated embodiments of the present

15  ivention, 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. Tt is to be understood that no limitation

20 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.



curing the binding nmediumusing a substantially uniform and
substantially constant applied el ectromagnetic field. 6. The nethod
of claim3, further conprising: curing the binding nmediumusing an
applied ultraviolet electronmagnetic field. 38 7. The method of
claim3, further conprising: curing tBA& binding nmedi um using an
applied visible spectrumel ectronmagnetic field. 8. The nethod of
claim1, wherein the plurality of electronic conponents are suspended
in a solvent. 9. The nethod of claim8, further conprising:
evaporating the solvent; and bi nding the plurality of

el ectroni c conponents to the plurality of first conductors while the
plurality of electronic conponents are oriented by the applied

el ectrgmagnetic kiglf,g é‘ﬂgﬁln—mﬁtmtgaﬁ%le%{roﬁl:g ﬂgré]tus, ftl’f?é&%ﬁéﬂi’ g%ﬁ% ng:

bonding the plurality o ectronic conponents to 't
first conduct or sdepbditing hdirsredinbdtiod mediammwillin a phealay nf tdvitids ofid sulgtrate

step further conpri .. bopdjng the plurality of electronic
conponghﬁgmﬁvﬁﬁgﬁvﬁéﬁﬁmf8mﬂ?kﬁﬁthin the plurality of first
conductors. 12. ddpRsitieg Beskpehsied & 4pldQlityMTRIRirbnit BEmpeRaisRaEtEh e

further caonprises; annealing the plurality of electronic conponents
to t hePpraliwpf ¢ayitiss, wherein thegughtyod glectrarmgc cqmponeatsiserp pluraingefdiades or a
wher ei B t-Nfy b frafsisppduct i ve mediumis a conductive ink. 14. The

met hod™ of cYa|n110, ‘urther conprising: curing the first conductive
medi um usi ng appbiiedng therpdwiablyatf cleatlmt comp@rentpping eol ap@atl clectromagnetic

field; and
depositing a second, optically transmissive conductive medium to form a plurality

of second conductors.

2. The method of claim 1, wherein the plurality of electronic components are

suspended in a binding medium.

3. The method of claim 2, further comprising:
curing the binding medium while the plurality of electronic components are

oriented by the applied electromagnetic field.

4, The method of claim 3, wherein the cured binding medium has a dielectric

constant greater than about one.

5. The method of claim 3, further comprising:
curing the binding medium using a substantially uniform and substantially

constant applied electromagnetic field.

6. The method of claim 3, further comprising:

curing the binding medium using an applied ultraviolet electromagnetic field.



15. The method of claim 1, wherein the second conducting nmediumis an
optically transm ssive polynmer. 39 16. The nethod of claim1,
wherein the applied field is an electric field or a magnetic field.
17. The method of claim 1, further conpri sing: applying a
sonic field subsequent to or during tA® deposition of the suspension
of the plurality of electronic conmponents. 18. The nethod of claim
1, further conprising: . vi brat.i.ng the substrate subsequent
to or during thejr%‘e?}g@f’ii%ﬂal&3’tfHI§he§ﬁ§‘BBH§‘F n of the plurality of

el ectroni c conmpoggitgShe bikfing hit@iviehRdaipplit@iRible spsbifi® bRctidiRagnetic
plurality of cavities are integrally nol é)ed in the substrate. 20.
The nefifldd of claim 1, wherein the substrate is enbossed. 21. The
met hod of claim 1, wherein the deposition steps further conprise
printing. 22. The method of claim1, wherein the deposition steps
furtheB. conpri seThd mkthad bf daien bfwhehan fhel jhowlitygf elepeeniotomgmests trecon:
printin cpatin rolling, spraying, |ayering, sputtering,

| am na?lggﬁﬁﬁgél} %g(?‘}vﬁf‘i nting, inkjet printing, electro-optical
printing, electroink printing, photoresist printing, thernal

printing, laser jet printing, nagnetic printing, pad printing,

f1 exogPaphi ¢ pri h§ methohobslpin {fpghar cpmprga®aphy, G avure printing,
and/or printing. ey ddaidd@eWBibadaff claiml, wherein the step of
depositing the first conductive mediumfurther conprises coating the
plurality of cavbihilisg tlwipliwalityeffeleckonic oomipwiehtsdo thegilurahityod firse nendunigrs
3)8( IC ﬁ;s gﬁ]g% (ﬁ:{e gt_fl(ljl'n]lclitgc 2 Ical\{e(cagi%ﬁg }:ourr%ot%x\ént% Gt eﬂ%d%y%ﬁg a];p%ﬁgd gl];ct}or}r?ag%gt?csﬁélg.t €

10. The method of claim 1, further comprising:

bonding the plurality of electronic components to the plurality of first conductors.

11. The method of claim 10, wherein the bonding step further comprises:
bonding the plurality of electronic components by abutment to or within the

plurality of first conductors.

12. The method of claim 10, wherein the bonding step further comprises:

annealing the plurality of electronic components to the plurality of first

conductors.
13. The method of claim 1, wherein the first conductive medium is a conductive ink.
14, The method of claim 10, further comprising:

curing the first conductive medium using applied ultraviolet radiation or applied
heat.
I5. The method of claim 1, wherein the second conducting medium is an optically

transmissive polymer.



24. The nethod of claim1l, wherein the step of depositing the
suspension of the plurality of electronic conponents further
conprises coating the plurality of cavities with the suspension of
the plurality of electronic conponents and renbvi ng excess suspensi on
of the plurality of electronic conponé®ts by scraping a surface of
the substrate using a doctor blade. 25. The nmethod of claiml,
wherein the plurality of electronic conponents are light emtting

di odes or photovoltaic diodes. 26. The nethod of claim1, wherein
the plygality of TRaMkthb8Sf bl &lwhe@@s theopBlisd dINes ol Hld byyﬁﬁgﬁhfnc
cavities: channels, grooves, or substantially hem spherically-shaped
depr eséieldns or bores 27. The nmethod of claim1, further conprising:
depositing a third conductive nediumover or within the plurality of
second conductors. 28. The nmethod of claim1, wherein the electronic
apparatiés is an Abcmethedbf daim gHurtbericbiiprigingti ode di splay, or a

i ghting apparatus nera in ar,at met hod of
manuf act uri ng anlﬁﬂﬂﬁgPaﬂf ¥gﬂﬁgﬁ§9ﬂ§1 %EFHE d%B@WﬁFvgi@bmmpmmmHOf
deposi tﬂel’lﬂlu@htfyldf%kcﬁ@ﬂdu&hpo@nﬁedl umon a substrate to forma first
conductor; depositing a suspension of a plurality of electronic

conponents wherein the plurality of electronic conponents are a
pluralijgy of d'°@ﬁ§m&&o@ophﬁ&?iH%%h8- ﬁlﬁaﬁéstors orienting the
plurallty of electronic conponents using an applied el ectromagnetic
fi eI d; and deposvrbrau@g dheswmbsirats subptqgued|td yr dursngshe depiovition ofithe stspession of
n} ? lit 3 FE od of clajm?29, wherein the substrate has a
pIuraIlF§’%?lg§ |°°%?n°°§3mm$ﬁ nmet hod of claim 30, wherein the
plurality of cavities are integrally nolded in 41 32. The method of
claim 30, wherein the substrate is enbossed. 33. The nethod of claim
30, whéfein the Eb‘é’ﬁe@%’d abelaun {4 Wepreip ghemlwalityod savities are migggdl hrmolded
furthep, CapRttses depositing the first conductive mediumin the
plurality of cavities to forma plurality of first conductors.

20. The method of claim 1, wherein the substrate is embossed.
21. The method of claim 1, wherein the deposition steps further comprise printing.
22. The method of claim 1, wherein the deposition steps further comprise at least one

of the following types of deposition: printing, coating, rolling, spraying, layering, 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, Gravure printing, and/or printing.

23. The method of claim 1, wherein the step of depositing the first conductive
medium further comprises coating the plurality of cavities with the first conductive medium and

removing excess first conductive medium by scraping a surface of the substrate using a doctor

blade.



34. The nethod of claim 30, wherein the step of depositing the first
conductive medium further conprises coating the plurality of cavities
with the first conductive nmedi um and renovi ng excess first conductive
~medi um by scraping a surface of the substrate using a doctor bl ade.
35. The nethod of claim 30, wherein tf2 step of depositing the
suspension of the plurallty of el ectronic conponents further

conpri ses coatin t he | it f cavities t h.t he suspensi on of

t he plg ality of ?1883115 f@m&) SHP e Orfgﬁ%‘?ﬁtw&%g ?S?ﬁfsﬂggﬁsi on
of t hepRkdlitabf dlyct@hicdloapoheiis firGenaRiRREScalnS e PRIrildy df Saviitied Gathothe

t he substrate u5|nq a_doctor blade. 36. The nethod o? claim 30

wher ei PRSPRRSION Qf it Plsplist of lgptionis SOmpaNcafs and AYNO GRS CXSESY HEPMSIPT Sl g
types gfurfiRy b di&Sronk heénts 89

henlspﬁé$|§%lly sﬁgpggﬂgﬁpré25|ons or 5$§§EP&g%hkT gxﬁ% a‘ﬁcm¥bhﬁalm
29, wherein the step of depositing the second conductive mnmedi um

f h di
ol ur i Py of secbii e ROLCaPL : wREER T RRRNEh el lREh o tn i L

the pl efalihg Fodds c@'pﬁ@ﬂoﬁl@lﬁh@dﬁﬂéﬁ)onent s are suspended in a binding

medium 39. The nmethod of claim 38, further conprising:

curing the binding nediumwhile the plurality of electronic

conponeqts are ofh&SRb@Ed chmﬁmelﬁqmqh&ﬁmgmgﬂf@ég dre aﬂ 1@As@lone &he

40. The nethod of claim39, wherein the cured binding medi um has a

di el echllomwumsanftcagtleatténanmerhmgrcwbwpr ovetantially heiphamealysshafedc| ai m
fu ng curing the binding nmediumusing a

substaﬂ%ﬁ'$réggﬁ$ %%n1and substantially constant applied

el ectromagnetic field. 42. The nethod of claim 38, further

conprisging: curing th um usi.ng an applied ultraviol et
electriﬁagnetlc ?ﬁ@@@ﬁogﬁgﬂmﬁhéqﬁﬁﬁﬁﬁﬂmBng$aln138 further

conprising: curigngotiffg R RAdIRIE WBIHSA Hekr BPwARR th@ﬂlu}’dh? Bt €cond
spectrum el ectromagnetic field. 44. The nethod of claim 29, wherein

t he pl eemauptogs. of el ectroni c components are suspended in a sol vent.
45. The nethod of claim 44, further conprising: evaporating the
sol vent; and

28. The method of claim 1, wherein the electronic apparatus is an addressable light

emitting diode display, or a lighting apparatus, or a power generating apparatus.

29. A method of manufacturing an electronic apparatus, the method comprising:

depositing a first conductive medium on a substrate to form a first conductor;
depositing a suspension of a plurality of electronic components, wherein the
plurality of electronic components are a plurality of diodes or a plurality of transistors;

orienting the plurality of electronic components using an applied electromagnetic

field; and
depositing a second, optically transmissive conductive medium.
30. The method of claim 29, wherein the substrate has a plurality of cavities.
31. The method of claim 30, wherein the plurality of cavities are integrally molded in

the substrate.



binding the plurality of electronic conponents to the plurality of
first conductors while the plurality of electronic conponents are
oriented by the applied el ectromagnetic field. 46. The nethod of
claim?29, further conprising: bonding the plurality of electronic
components to the first conductor. 474l The method of clai m 46,
wherein the bonding step further conprises: bonding the plurality of
el ectroni c conponents by abutnent to or within the first conductor.
48. The net hod of claim 46, wherein the bonding step further

conpri sgs: 43 amnemkthbd of E1einpbovaeldily thefsudiattis embesseénmponent s to
the first conductor. 49. The nethod of claim 29, wherein the first
conductive nmediumis a conductive ink. 50. The nethod of claim49,
furthegyconpri sifgs i : i : j i i i ed
't avt 51 ot adi oy Betoy BEULFI0 iSka RSB AR R o 5! QRRRRS,
wher ei metliven BetbormpmpoineR dsppsitingrivd ifushcpsduativopedioml ih yhet planabity of saviges to
polymer. 52. The hod,of claim 29, wherein the applied field is an
electr%% %é?ﬁ?ggﬂﬁﬁgﬁgpégtrﬁeld, or an electromagnetic field. 53

. The nmethod of claim 29, further conprising: applying a

sonic field subsequen o.or. during the deposition of the suspension
of the3plurali ty%ﬂﬁm fﬁi@é?ﬁ Hmy%aﬂﬁmﬁﬁtep of depopiiipe ths IStCBAIIVE m

29, f UpfhRim RPABN dodipPGes coating the pluraljty bPERkddAMiitN\Re BHPSSIRESe medium and
subsequent to or during the deposition of the suspension of the

pl ur al rampovig eXcesstirgrprdustig oredivmsby SEapingresurischoithe fubsirate wsigg a doctor
mhereigh?Qe deposition steps further conprise printing. 56. The

met hod "of ‘cl ai m 29, wherein the deposition steps further conprise at
| east

35. The method of claim 30, wherein the step of depositing the suspension of the
plurality of electronic components further comprises coating the plurality of cavities with the
suspension of the plurality of electronic components and removing excess suspension of the

plurality of electronic components by scraping a surface of the substrate using a doctor blade.

36. The method of claim 30, wherein the plurality of cavities are at least one of the
following types of cavities: channels, grooves, or substantially hemispherically-shaped

depressions or bores.

37. The method of claim 29, wherein the step of depositing the second conductive
medium further comprises depositing the second conductive medium to form a plurality of

second conductors.

38. The method of claim 29, wherein the plurality of electronic components are

suspended in a binding medium.

39. The method of claim 38, further comprising:

curing the binding medium while the plurality of electronic components are

oriented by the applied electromagnetic field.



one of the follow ng types of deposition: printing, coating, rolling,
spraying, layering, sputtering, |lam nation, screen printing, inkjet
printing, electro-optical printing, electroink printing, photoresist
printing, thermal printing, laser jet printing, magnetic printing,
pad printing, flexographic printing, Hybrid offset |ithography,

G avure printing, and/or printing. 44 57.The nethod of claim 29,
wherein the second, optically transm ssive conductive nediumforns a
second conductor and wherein the nmethod further conprises: depositing
a_thirdoconduct i Yke fifediot 6T clued 3 rwhrdifthe duRd b3 MeGiondias b diclech®:

. The nmethod of claim 29, wherein the plurality of electronic
conpon&HisEns grsater AR 2RYRPBS-ng di odes or photovol tai ¢ di odes. 59. The
nmet hod of claim 29, wherein the electronic apparatus is an
addressable light emtting diode display, or a lighting apparatus, or
a powerdlgener at i Bhe mpibad af csim 3§ Jurttineomptisiogl of cl ai m 29, wherein

h I [ o ' [ | | v=add I i gh
em 11 ng ai ode arageay: oo Bl binghohFRb ARl O

el ect r emiseanappdicd tlestrorRagnetit gBldi ng apparatus or fixture. 62. The
met hod of claim 29, wherein the substrate conprises at |east one of
the follow ng types of substrates: paper, coated paper, plastic

coat edypaper, enmpRSHEUoRBPARIm 3 FRfind@R@prisig@r dboard, poster paper,
poster board, wood, plastic, rubber, fabric, glass, ceramc,

concrete, or st ofieing teabindingmedoun vfingramarplicd ultianigics nleatememstab field.
light emtting display, the nethod conprising: deposi ting
a first conductive nmediumwithin a plurality of cavities of a
substrdte to forThampthud af ¢tlkiyn 88, fhithies compridigt ors; curing the first

conductive medi um usi applied. ultraviolet radjiation or applied |
heat; depositi ngagm%@g@‘ﬁglgﬁHlegfuné“ﬁil%?‘h?ﬂpﬁlﬁd hii ‘?@‘i?t“%teg?‘i??iﬁa@%ﬂes
Wi thinftlge plurality of cavities, the plurality of light emtting

di odes suspended in a binding nmedium orienting the plurality of
light emtting diodes using an applied magnetic field; bonding the

pl ur al h&y of i g’ﬁqﬂe ﬁ@?h%& .bf']cgaﬁirl %%e}e?n h@%hﬂhlﬂ&%k ;L.lregtrc%c éc;n[i}?otnents are

conductors;
suspended in a solvent.

45. The method of claim 44, further comprising:
evaporating the solvent; and
binding the plurality of electronic components to the plurality of first conductors

while the plurality of electronic components are oriented by the applied electromagnetic field.

46. The method of claim 29, further comprising:

bonding the plurality of electronic components to the first conductor.
47, The method of claim 46, wherein the bonding step further comprises:
bonding the plurality of electronic components by abutment to or within the first

conductor.

48. The method of claim 46, wherein the bonding step further comprises:



45 curing the binding mediumwhile the plurality of

light emtting diodes are oriented by the applied magnetic field;
depositing a second, optically transm ssive conductive nediumto form
a plurality of second conduct ors coupled to the plurality of |ight
emtting diodes ; and depositing a thf#d conductive medi um over or
within the plurality of second conductors. 64. A nmethod of

facturi | t t hod
A AR e R R B R R T

of a substrate to forma plurality of first conductors; curing the
first conductive _nediumusing a ied ultraviolet radlatlon or

appl i e@®heat;  Themethodofecl "'thieff‘@“ e iyt sapdichye Bediymgs g eenducyvegink.
phot ovol taic diodes within the plurality of cavities, the plurality
of photovol taic di odes suspended in a binding nediun1 orienting the
pl ural Py of photimwtthed of deiot#h furtiengoraprisip! i ed nagnetic field;

bondi ng the plurali o) hot.ovol t ai ¢ _di odes ity of .
first conductor s('a %¥he o (hond% AT |Hheél e Hflﬂ%@ﬁhﬁefl En{aﬁgo % t’l°¥‘t°§ a%‘fhed
phot oviddt.ai ¢ di odes are orlented by the applied magnetic field;

depositing a second, optically transm ssive conductive nediumto form
a plurality of second conductors coupled to the plurality of

phot ovef tai c di ofigsmethaer dSRPS, Rﬂh@&u@th% hidotld e&&ﬁe&ﬁg Pﬁ@dﬂlﬁ% b‘x%;?dé%ﬂy
or within the plurality of second conductors. A et hod

manuf agansriissyeapolanasct roni ¢ appar at us, the nethod conpr|5|ng
depositing a first conductive nediumwithin a plurality of cavities
of a substrate to forma plurality of first conductors; curing the
first Sanducti veThedethod obdlaign 20 pthemth the tapplidddloht israadicatricdteld)a magnetic

appli egeld, or an electromagnetic field.

53. The method of claim 29, further comprising:
applying a sonic field subsequent to or during the deposition of the suspension of

the plurality of electronic components.

54 . The method of claim 29, further comprising:
vibrating the substrate subsequent to or during the deposition of the suspension of

the plurality of electronic components.
55. The method of claim 29, wherein the deposition steps further comprise printing.

56. The method of claim 29, wherein the deposition steps further comprise at least
one of the following types of deposition: printing, coating, rolling, spraying, layering, 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, Gravure printing, and/or printing.



heat ; depositing a suspension of a plurality of

el ectroni c conponents within the plurality of cavities, the plurality
of el ectronic conponents suspended in a binding nmediumand 46
wherein the plurality of electronic conponents are a plurality of
diodes or a plurality of transistors;4brienting the plurality of

el ectroni c conponents using an applied magnetic field; bonding the

pIuraI y of eIe troni 0N he plyralit of first

conduc? curi ]65 A O%Pﬁ‘g?’r‘fbf% iS {;r‘gﬁ@“ﬁ? é’?%ﬂr’isws’d’F conductive

el ectr ﬁi&ﬂﬁm@i@:ﬁﬁ@ﬁl%bﬁd BérRIuBlor @i WRkrbit tﬁé"&%etﬁ@@ kirgdr eRgNakL cadpbatify a third
deposi ti iﬂ a second, optically transm ssive conductive nmediumto form

a pl ur sendugtivsrmedien qyecthin thesceond sprdicios. t he plurality of

el ectroni c conponents; and depositing a third conductive medi um over
or within the plurality of second conductors. 66. An apparatus

manuf aé8 ur ed accthaimetyod of ¢lhien 26 twheckirothe phyraldf, of Elactnmidgonf@ner@8 are6dght

or 65. emitting diodes or photovoltaic diodes.

59. The method of claim 29, wherein the electronic apparatus is an addressable light

emitting diode display, or a lighting apparatus, or a power generating apparatus.

60. The method of claim 29, wherein the electronic apparatus is a static or regionally-

addressable light emitting diode display.

61. The method of claim 29, wherein the electronic apparatus is a lighting apparatus
or fixture.
62. The method of claim 29, wherein the substrate comprises at least one of the

following types of substrates: paper, coated paper, plastic coated paper, embossed paper, fiber
paper, cardboard, poster paper, poster board, wood, plastic, rubber, fabric, glass, ceramic,

concrete, or stone.

63. A method of manufacturing an addressable light emitting display, the method
comprising:

depositing a first conductive medium within a plurality of cavities of a substrate
to form a plurality of first conductors;

curing the first conductive medium using applied ultraviolet radiation or applied
heat;

depositing a suspension of a plurality of light emitting diodes within the plurality
of cavities, the plurality of light emitting diodes suspended in a binding medium;

orienting the plurality of light emitting diodes using an applied magnetic field;

bonding the plurality of light emitting diodes to the plurality of first conductors;



45

curing the binding medium while the plurality of light emitting diodes are
oriented by the applied magnetic field;

depositing a second, optically transmissive conductive medium to form a plurality
of second conductors coupled to the plurality of light emitting diodes ; and

depositing a third conductive medium over or within the plurality of second

conductors.

64 . A method of manufacturing a power generating apparatus, the method
comprising:

depositing a first conductive medium within a plurality of cavities of a substrate
to form a plurality of first conductors;

curing the first conductive medium using applied ultraviolet radiation or applied
heat;

depositing a suspension of a plurality of photovoltaic diodes within the plurality
of cavities, the plurality of photovoltaic diodes suspended in a binding medium;

orienting the plurality of photovoltaic diodes using an applied magnetic field;

bonding the plurality of photovoltaic diodes to the plurality of first conductors;

curing the binding medium while the plurality of photovoltaic diodes are oriented
by the applied magnetic field,;

depositing a second, optically transmissive conductive medium to form a plurality
of second conductors coupled to the plurality of photovoltaic diodes ; and

depositing a third conductive medium over or within the plurality of second

conductors.

65. A method of manufacturing an electronic apparatus, the method comprising:

depositing a first conductive medium within a plurality of cavities of a substrate
to form a plurality of first conductors;

curing the first conductive medium using applied ultraviolet radiation or applied
heat;

depositing a suspension of a plurality of electronic components within the

plurality of cavities, the plurality of electronic components suspended in a binding medium and
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wherein the plurality of electronic components are a plurality of diodes or a plurality of
transistors;

orienting the plurality of electronic components using an applied magnetic field;

bonding the plurality of electronic components to the plurality of first conductors;

curing the binding medium while the plurality of electronic components are
oriented by the applied magnetic field;

depositing a second, optically transmissive conductive medium to form a plurality
of second conductors coupled to the plurality of electronic components; and

depositing a third conductive medium over or within the plurality of second

conductors.

66 . An apparatus manufactured according to the method of any of claims 1, 29, 63,
64, or 65.



