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ELECTROLUMINESCENT DEVICES AND THEIR MANUFACTURE
This application claims priority to U.S. patent application no. 13/677.864, filed
November 15, 2012, which is a continuation of U.S. patent application no. 13/624,910,
filed September 22, 2012, which claims priority to U.S. provisional patent application no.
61/582,581, filed January 3, 2012. The entirc contents of cach of these applications are
hereby incorporated by reference.

Field

The present invention relates to a system for producing clectrolumincscent devices
having a lower backplanc clectrode layer and an upper clectrode layer, the lower and upper
clectrode layers being connectable to an clectrical driving circuit. Onc or more functional
layers arc disposcd between the lower and upper clectrode layers to form at lcast one
clectroluminescent arca.

Background

Since the 1980s, clectroluminescent (EL) technology has come into widespread use
in display devices where its relatively low power consumption, relative brightness and
ability to be formed in relatively thin-film configurations have shown it to be preferable o
light emitting diodes (LEDs) and incandcscent technologies for many applications.

Commercially manufacturcd EL devices have traditionally been produced using
doctor blade coating and printing processes such as screen printing or, more recently, ink
jet printing. For applications that require relatively planar EL devices these processes have
worked reasonably well, as they lend themselves to high-volume production with relatively
cfficient and reliable quality control.

llowever, traditional processes are inherently self limiting for applications where it
is desirable to apply an EL device wo a surface having complex topologics, such as convex,
concave and reficxed surfaces. Partial solutions have been developed wherein a relatively
thin-film EL “dccal” is applied to a surface, the decal being subscquently encapsulated
within a polymer matrix. While moderately successful, this type of solution has several
inherent weakacesses. Firstly, while decals can aceeptably conform to mild
concave/convex topologics, they arc incapable of conforming to tight-radius curves
without stretching or wrinkling. In addition, the decal itsclf does not form cither a
chemical or mechanical bond with an encapsulating polymer, essentially remaining a
foreign object embedded within the encapsulating mairix. These weaknesses pose

difficultics in both manufacturing and product life-cycle, as embedded-decal EL Tamps
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applied to complex topologies are difficult to produce and are susceptible to delamination
due to mechanical stresses, thermal stresses and long-term exposure to ultraviolet (UV)
light. There remains a need for a way to producc an EL lamp that is compatible with itcms
having a surface incorporating complex topologies.

Summary

A process is disclosed according to an ecmbodiment to the present invention
whercby an EL device is “painted” onto a surface or “substratce” of a target item to which
the EL device is to be applicd. The present invention is applied to the substrate in a scrics
of layers, each of which performs a specific function integral to the process.

One object of the present invention is a process for producing a conformal
clectrolumincscent system. The process includes the step of sclecting a substrate. A basc
backplanc film laycr is applicd upon the sclect substrate using an aqucous-bascd,
electrically conductive backplane material. A dielectric film layer is applied upon the
backplane film layer using an aqueous-based dielectric material. A phosphor film layer is
applicd upon the diclectric film layer using an aqucous-bascd phosphor matcrial, the
phosphor film laycr being excited by an ultraviolet radiation source during application.
The ultraviolet radiation source provides visual cues while the phosphor film layer is being
applicd, and the application of the phosphor film layer is adjusted in responsc to the visual
cucs to apply a gencrally uniform distribution of the phosphor material upon the diclectric
film layer. An clectrode film layer is applied upon the phosphor film layer using an
aqucous-bascd, substantially transparent, clectrically conductive clectrode material. The
backplane film layer, dielectric film layer, phosphor film layer, and electrode film layer are
cach preferably applicd by spray conformal coating. The phosphor film laycr 1s cxcitable
by an clectrical ficld cstablished across the phosphor film layer upon application of an
clectrical charge between the backplane film layer and the electrode film layer such that
the phosphor film layer emits electroluminescent fight.

Brief Description of the Drawings

Further featurcs of the inventive embodiments will become apparent to thosc
skilled in the art to which the cmbodiments relate from rcading the specification and
claims with reference to the accompanying drawings, in which:

Fig. 1 1s a schematic layer diagram of an EL lamp according to an cmbodiment of

the present invention;
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Fig. 2 1s a flow diagram of a process for producing electroluminescent lamps
according to an cmbodiment of the present invention;

Fig. 3 is a schematic layer diagram of an EL lamp showing routing of conductive
elements according to an embodiment of the present invention;

Fig. 4 is a schematic layer diagram of an EL larmp showing routing of conductive
clements according to another cmbodiment of the present invention;

Fig. 5 is a flow diagram of a proccss for applying a phosphor laycr according to an
cmbodiment of the present invention;

Fig. 6 is a schematic layer diagram of an EL lamp having a tinted overcoat
according to an embodiment of the present invention:

Fig. 7 is a schematic layer diagram showing light being reflected from the tinted
overcoat of Fig. 6 and giving color cffcet to the light;

Fig. 8 is a schematic layer diagram showing light passing through the tinted
overcoat of Fig. 6, providing an augmenting color effect to reflected light;

Fig. 9 is a schematic laycr diagram of a multiple-laycr EL lamp with top-laycr
wiring according to an embodiment of the present invention;

Fig. 10 is a schematic layer diagram of a multiple-layer EL lamp with bottom-layer
wiring according to another cmbodiment of the present invention;

Fig. 11 is a schematic layer diagram of a multiple-layer EL lamp with dual-laycr
wiring according to yet another cmbodiment of the present invention;

Fig. 12 is a schematic layer diagram of a multiple-layer EL lamp with dual-layer
wiring according to still another embodiment of the present invention; and

Fig. 13 is a schematic layer diagram of an EL lamp having a transparcnt substratc
according to yet another embodiment of the present invention.

In the discussion that follows, like reference numerals are used to refer to like
clements and structurcs in the various figures.

The gencral arrangement of a conformal EL lamp 10 is shown in Fig. 1 according
to an ecmbodiment of the present invention. EL lamp 10 compriscs a substrate 12, a primer
layer 14, an electrically conductive backplane electrode layer 16, a dielectric layer 18. a
phosphor laycr 20, a substantially transparent, clectrically conductive top clectrode 22, a

bus bar 24 and an optional encapsulating layer 26.
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Substrate 12 may be a select surface of any suitable target item upon which EL
lamp 10 is to be applied. Substrate 12 may be conductive or non-conductive, and may
have any desired combination of convex, concave and reflexed surfaces. In some
embodiments of the present invention substrate 12 is a transparent material such as,
without limitation, glass or plastic.

Primer laycr 14 is a non-conductive film coating applicd to substratc 12. Primer
laycr 14 scrves to clectrically insulate substrate 12 from subscquent conductive and scmi-
conductive laycrs, discussed further below. Primer layer 14 also preferably promotes
adhesion between substrate 12 and subsequent layers.

Conductive backplane 16 is a film coating layer that is preferably masked over
primer laycr 14 to form a bottom clectrode of EL lamp 10. Conductive backplanc 16 i8
preferably a sprayable conductive material and may form the rough outline of the lit EL
“field” of the finished EL lamp 10. The material selected for backplane 16 may be tailored
as desired to suit various environmental and application requirements. In one embodiment
backplanc 16 is madc using a highly conductive, gencerally opaque matcrial. Examples of
such materials includec, without limitation, an alcohol/latex-based, silver-laden solution
such as SILVASPRAY™ available from Caswell, Inc. of Lyons New York, and a water-
based latex, copper-laden solution such as “Caswell Copper™ copper conductive paint, also
available from Caswecll, Inc.

In onc cmbodiment a predetermined amount of silver flake may be mixed with the
copper conductive paint. Empirical testing has shown that the addition of silver flake
significantly enhances the performance of the copper conductive paint without adversely
affccting its relatively environmentally-friendly characteristics.

As an alternative to cither Caswell SILVASPRAY ™ or Caswell Copper, silver
flake may be mixed in a solution of an aqucous-based styrenc acrylic co-polymer solution
(discussed further below) and ammonia to encapsulate the silver for application to a
prepared surface (1.c., substrate) as a backplanc 16 matcrial.

Conductive backplanc 16 may also be a metal plating whercin a suitable
conductive metal material is applicd to a non-conductive substrate 12 using any suitable
process for the select metal plating. Example types of metal plating include, without
limitation, clectroless plating, vacuum mectalizing, vapor deposition and sputtering.
Preferably, the resulting electrically conductive backplane 16 has a relatively low

resistance to minimize voltage gradients across the surface of the backplance to allow for
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the proper operation of the electroluminescent system (i.e., sufficient lamp brightness and
brightness uniformity). In some embodiments the resistance of a plated backplane 16 is
preferably less than about one ohm per squarc inch of surface arca.

Conductive backplane 16 may also be an electrically conductive, generally clear
layer such as, without limitation, “CLEVIOS™ § V3" and or “CLEVIOS'™ § v4©
conductive polymers, available from Heracus Clevios GmbH of Leverkusen, Germany.
This configuration may be preferred for usc with target items having gencrally transparcnt
substratcs, such as glass and plastic, and for cmbodiments where a thinner total application
of layers for EL larp 10 is desired.

Dielectric layer 18 is an electrically non-conductive film coating layer comprising a
matcrial (typically Barium Titanatc - BaTiOz) possessing high dielectric constant
propertics encapsulated within an insulating polymer matrix having relatively high
permittivity characteristics (i.e., an index of a given material’s ability to transmit an
electromagnetic field). In one embodiment of the present invention dielectric layer 18
compriscs about a 2:1 solution of co-polymer and dilutc ammonium hydroxide. To this
solution a quantity of BaTiOa, which has been pre-wetted 1n ammonium hydroxidc, is
added to form a supersaturated suspension. In various embodiments of the present
invention diclectric layer 18 may comprisc at lcast onc of a titanate, an oxide, a niobatce, an
aluminatc. a tantalatc, and a zirconatc matcrial, among othcers.

Diclectric layer 18 serves two functions. Firstly, diclectric layer 18 provides an
insulating barricr between backplanc layer 16 and the superimposed semi-conductive
phosphor 20, top electrode 22 and bus bar 24 layers. In addition, because of the unique
clectromagnctic polarization characteristics of the diclectric matcrials, diclectric layer 18
scrves to enhance the performance of the clectromagnetic ficld gencrated between the
backplane 16 and top clectrode 22 layers when an AC signal 28 is applicd between the
backplane and the top electrode, the AC signal generating an electrical field or electrical
charge between the backplanc and the top clectrode. In addition, despite being an cfficient
clectrical insulator, the high diclectric quality of the BaTiO; and the high permittivity of
the polymer matrix arc highly permeable to the clectrostatic ficld gencrated between
backplane 16 and top electrode 22

Furthermore, in multiple-fayer EL lamp applications a diclectric layer 18 having
photorefractive qualitics may be sclected wherein an index of refraction of the diclectric

layer is affected by an electric ficld applied to backplane 16 and clectrode 22 by AC signal
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28 (Fig. 1). These photorefractive qualities of the select dielectric layer 18 material may
be utilized to facilitate the propagation of light through superimposcd layers of the EL
lamp. A non-limiting cxamplc matcrial having photorcfractive propertics is BaTiOa.

Phosphor layer 20 is a semi-conductive film coating layer comprised of a material
(typically metal-doped Zinc Sulfide (ZnS)) encapsulated within a highly electrostatically
permeable polymer matrix. When excited by the presence of an alternating clectrostatic
ficld generated by AC signal 28, the doped ZnS absorbs cncrgy from the ficld, which it in
turn re-emits as a visible-light photon upon returning to its ground state. Phosphor layer
20 serves two functions. Firstly, while the metal-doped Zinc Sulfide phosphor is
technically classed as a semiconductor, when encapsulated within the co-polymer matrix,
it further cffectively provides an additional insulating barricr between the backplane 16
layer and the supcrimposced top clectrode 22 and bus bar 24 layers. In addition, once
excited by the presence of an alternating electromagnetic field, phosphor layer 20 emits
visible light.

In onc embodiment of the present invention phosphor layer 20 compriscs about a
2:1 solution of co-polymer and dilutc ammonium hydroxide. To this solution, a quantity
of metal-doped Zinc Sulfide based phosphors doped with at least one of copper,
mangancse and silver (i.c., ZnS:Cu, Mn, Ag, ctc.) pre-wetted in a dilutc ammonium
hydroxidc is added to form a supcrsaturated suspension.

Preferably, an aqueous-basced styrenc acrylic co-polymer solution (hercafter “co-
polymer™) is utilized as an encapsulating matrix for both diclectric layer 18 and phosphor
layer 20. This material is suitable for close-proximity and long-term contact without
adversc impact to organisms or the cnvironment. An cxamplc co-polymer is
DURAPLUS™ palymer matrix. available from the Dow Chemical Company of Midland,
Michigan. A significant advantage of the co-polymer is that it provides a chemically
benign and versatile bonding mechanism for a variety of sub- and top-coating options on a
sclect substrate 12. Ammonium hydroxide may be used as a thinner/drying agent for the
co-polymer.

During production of EL lamp 10, after volatile components of the co-polymer
solution of dielectric laver 18 and phosphor layer 20 have been eliminated (typically by
cvaporation) during a curing proccss, the resultant coatings are largely chemically inert.

As such, the diclectric layer 18 and phosphor layer 20 coatings do not rcadily react
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chemically with under- or over-lying layers and, as a result, encapsulates and protects the
homogencous diclectric 18 and phosphor particle 20 layer distributions.

Chemically, during a curing process, open cnds of a long-chain co-polymer of
dielectric layer 18 and phosphor layer 20 are exposed. This provides a ready mechanism
for the creation of a strong mechanical bond between chemically dissimilar layers, as the
cxposcd polymer chain cnds csscatially act as a “hook™ analogous to the hook portion of a
hook-and-loop fastencr. Thesc hooks provide a rclatively porous surface topology that
rcadily accepts infiltration by the application of a sccond long-chain polymer solution. As
the secondary layer cures, its polymer chain ends are exposed and essentially “knit” with
the aforementioned exposed co-polymer ends to form a strong mechanical bond between
adjacent layers.

Top clectrode 22 is a film coating layer that is preferably both clectrically
conductive and generally transparent to light. Top electrode 22 may be from such
materials as, without limitation, conductive polymers (PEDOT), carbon nanotubes (CNT),
antimony tin oxidc (ATO) and indium tin oxidc (ITO). A preferred commereial product is
CLEVIOS™ conductive, transparent and flexible polymers (available from Heracus
Clevios GmbH of Leverkusen, Germany) diluted in isopropyl alcohol as a thinner/drying
agent. CLEVIOS'™ conductive polymers exhibit relatively high cfficacy and are relatively
cnvironmentally benign. In addition, CLEVIOS™ conductive polymers arc basced on a
styrenc co-polymer and thus provides a rcady mechanism for chemical
crosslinking/mcchanical bonding with the underlying phosphor layer 20.

Alternate materials may be selected for top electrode 22 solutions, including those
containing Indium Tin Oxidc (ITO) and Antimony Tin Oxidc (AT0O). Howcver, thesc are
less desirable than CLEVIOS™ conductive polymers duc to greater environmental
coneerns.

In some embodiments of the present invention it may be desirable for backplane
clectrode layer 16 to be generally transparent. In such cascs any of the materials discussed
above for top clectrode 22 may be utilized for backplanc clectrode layer 16.

The cfficiency of top clectrode 22 materials arc hampered by their divergent
operating requirements: that of both being electrically conductive while also being
gencrally transparent to visible light. As the arca of lit ficlds of an EL lamp 10 beccome
larger, a point of diminishing returns is approached wherein the thickness of the top

clectrode layer 22 to achicve a sufficiently low resistivity for the necessary voltage
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distribution across the top electrode layer becomes optically inhibitive or, conversely, the
thickness of the top clectrode becomes unacceptably clectrically inefficient. As a result, it
is often desirablce to augment the transparent top clectrode layer 22 with a morce cfficient
electrical conductor as close to the lit field at possible, in order to minimize the thickness
of top electrode layer for optimum optical characteristics. Bus bar 24 fulfills this
requirement by providing a rclatively low-impedance sirip of conductive material, usually
compriscd of onc or morc of the matcrials usable to producc as conductive backplanc 16.
Bus bar 24 is typically applicd to the peripheral edge of the lit ficld.

Although bus bar 24 is generally shown as adjacent to top electrode layer 22 in the
figures, in practice the bus bar may be applied upon (i.e.. atop) the top electrode layer.
Conversely, top clectrode layer 22 may be applicd upon (i.c., atop) the bus bar 24,

Oncc applicd, top clectrode 22 and bus bar 24 are susceptible to damage duc to
scratches or marking. After curing the top electrode 22 and bus bar 24 it is preferable to
encapsulate EL lamp 10 with an encapsulating clear coat film layer 26 such as a clear
polymer 26 of suitablc hardness to protect the EL lamp from damage. Encapsulating laycr
26 1s preferably an clectrically insulating material applicd over the EL lamp 10 stack-up,
thereby protecting the lamp from external damage. Encapsulating layer 26 is also
preferably gencrally transparent to light emitted by the EL lamp 10 stack-up and is
preferably chemically compatible with any cnvisioned topcoating matcrials for the target
item of substratc 12 that provide a mechanism for chemical and/or mechanical bonding
with topcoating laycrs. Encapsulating layer 26 may be comprised of any number of
aqueous, enamel or lacquer-based products.

As previously noted. current EL products arc limited to application to rclatively
simple topographical surfaces that arc planar or ncarly planar. This is because
screen/inkjet print-based processes require a flat or nearly flat surface to assure proper
distribution ratios of the required components in the respective layers. Unlike print-based
EL production processes, primer layer 14, backplanc 16, diclectric layer 18, phosphor laycr
20, conductive top clectrode 22, bus bar 24 and cncapsulating layer 26 arc preferably
formulated to be compatible with and applicd by both tools and methods commonly
available to and within the purview of the painter’s craft. Thus, EL lamp 10 may be
“painted” onto substratc 12 as a stackup of conformal coats comprising primer layer 14,
backplane 16, diclectric layer 18, phosphor layer 20, conductive top clectrode 22, bus bar

24 and cncapsulating layer 26. By utilizing sclect components of the respective layers and
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application techniques as disclosed herein that are compatible with spray-based equipment,
EL lamps 10 may be applicd to a wide varicty of matcrials and/or complex topologics such
that any “paintablc” substratc 12 surfacc can be utilized for the application of a conformal,
energy-efficient E1. lamp. Accordingly, EL lamp 10 is “conformal” in the sense that it
conforms to the shape and geometry of substrate 12.

With reference to Fig. 2 in combination with Fig. 1, a process s100 for producing
EL lamps will now bc described.

At 5102 a substrate 12 is sclected. Substrate 12 is typically a surface of a sclect
target item, which may be made from any suitable conductive or non-conductive material,
and may have any desired contours and shapes.

A primer laycr 14 is applicd to substratc 14 at s104. Whether the intended target
itcm substrate 12 is conductive, i.c., metal, or carbon fiber or non conductive, i.c., some
form of glass, plastic, fiberglass or composite material, it is preferable to apply a quantity
of a compatible oxide-based primer to the substrate in a relatively thin layer to seal the
surface, provide clectrical insulation between the substrate and the EL lamp 10, and insurc
adhesion with overlyving topcoat layers. In some circumstancces, it may also be desirable to
apply at §106 a thin layer of a suitable enamel/lacquer/aqueous paint, compatible with the
intended topcoat, over the oxide primer layer. “Topcoat™ as used hercin refers generally to
any coating placed over the finished EL lamp 10, such as a translucent coating covering
the EL lamp and portions of substrate 12 not covered by the EL lamp. The optional
painting step of s106 is particularly attractive when the target item comprising substrate 12
is to be subjected to prolonged handiing before further EL lamp 10 layers are applied.
Becausc of the relative “softness™ of oxide-bascd primers, cxposcd primer surfaces can be
degraded by frequent handling and the resultant oxide dust can stain the raw surface.

For cach EL “lit ficld” on a given surface, two clectrical connections arc provided
at 8108 to provide a pathway for the AC signal 28 (Fig. 1) that excites phosphor layer 20.
There are two basic mechanisms for installing thesc clectrical pathways, the sclection of
which is determined by the characteristics of the substrate 12 of the target item. With
additional reference to Fig. 3, for non-conductive plastic, fiberglass or composite target
itemn substrates 12, it is preferable to provide one or more “carrythrough” conductive
clements 30-1, 30-2 to backplanc 16 and bus bar 24 respectively of EL lamp 10 via small
openings 32 in substrate 12 of the target item and primer layer 14 to provide clectrical

contact with the overlying backplanc and bus bar.
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For some forms of conductive substrate 12 target items, the carrythrough technique
is also cffective, given the inclusion of an insulating sheath 34 between the substrate and
the signal pathway. This is both a practical and a safcty consideration, as the clectrical
current demand placed on the system by needlessly energizing the substrate/target item
significantly reduces the power consumption efficiency of the system as a whole and
increascs safety by clectrically isolating the EL lamp 10 ficld from a conductive substrate
12 of the target itcm and any pathways to a ground statc, such as a defect in the substrate
of the target item.

When structural or practical considerations (such as maintaining the integrity of a
fluid containment vessel) prohibit using the aforementioned carrythrough technigue of Fig.
3 on a substrate 12 of a target item, signal paths to EL lamp 10 may be provided by
cmbedding conductive clements 30-1 and 30-2 within the insulating primer layer 14 and, if
required, “wrap around” a panel edge as shown in Fig. 4. Either of the method of Figs. 3
and 4 for providing signal access to the backplane 16 and bus bar 24, i.e., “carrythrough”
or “wrap around,” arc functionally cquivalent and may be sclected based upon particular
conditions and requircments imposcd by the substrate 12 of the target item.

Backplane layer 16 is applied at s110. Backplane layer 16, as previously discussed,
is a pattern comprising a conductive material and is masked over the primer 14 coating.
Backplanc laycr 16 may be applicd to any suitablc thickness, such as about 0.001 inchcs,
preferably using an airbrush or sufficiently finc-aperture gravity-feed type spray
cquipment. When so applied. backplanc layer 16 is placed into clectrical contact with
conductive element 30-1 (Figs. 3, 4) to provide electrical contact with AC signal 28 and
also dcfincs the rough outline of the lit EL lamp 10 ficld.

Diclectric film layer 18 is spray-applicd at step s112. The previously-deseribed
supersaturated diclectric solution is applied using suction and/or pressure feed type spray
equipment under visible light at a predetermined air pressure, adjusted for variables such
as ambient temperaturc and topology of the substrate 12 target item. Diclectric layer 18 is
preferably applicd at ambicnt air temperatures of about 70 degreces Fahrenheit or greater.
The diclectric layer is preferably applicd in successive thin coats of solution to ensure cven
distribution of the BaTiOa particulate/polymer solution and prevent excessive buildup that
could overcome the surface tension of the solution, which in turn can create a “run” or
“droop” within the applicd layers. Excessive buildup of material that results in running or

drooping of the applicd layers Icads to an uncven congregation of the cacapsulated
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particulate (referred to as “sand duning™) that has a detrimental direct effect on the
appearance of the final product. Therefore, it is often desirable to augment the initial air
curing of successive applicd layers by the application of cnhanced infra-red radiation from
sources such as direct sunlight and enhanced-infrared lamps between coats for a
determinable period of time, depending upon ambient temperature and humidity
conditions.

Phosphor layer 20 is applicd at s114. The previously-discussed supcrsaturated
phosphor solution is applied using suction and/or pressure feed type spray cquipment at a
predetermined air pressure, adjusted for variables such as ambient temperature and
topology of the substrate 12 of the target item. The phosphor layer 20 is preferably applied
proximate (¢.g., under) an ultraviolet radiation source such as a long-wave ultraviolet light
(c.g., UV “A” or “black light” ultraviolct light) to cnhance visiblc indicators or cucs to the
operator during application, to ensure relatively uniform particulate distribution. The
phosphor layer 20 is preferably applied at ambient air temperatures of about 70 degrees
Fahrenheit or greater. The phosphor laycr 20 is preferably applicd in successive thin coats
of solution to cnsurc cven distribution of the ZnS-particulate/polymer solution, and to
prevent excessive buildup could overcome the surface tension of the solution, in turn
creating a “run” or “droop” within the applicd phosphor layers. Like diclectric layer 18,
cxcessive buildup of matcrial that results in “running” or drooping™ of the applicd laycrs
may lead to an uncven congregation of the encapsulated particulate (i.c., “sand duning”)
that has a detrimental dircct cffect on the appearance of the final product. Thercfore, it is
preferable to augment the initial air curing of successive applied layers by the application
of enhanccd infra-red radiation by such sourccs as dircect sunlight and cnhanced-infrarcd
lamps between coats for a determinable period of time, depending on ambicnt conditions
such as temperature and humidity.

Further details of the application of phosphor layer 20 are shown in Fig. 5. The
previously-discusscd supersaturatcd phosphor solution is applied using suction and/or
pressurc feed type spray equipment at a predetermined air pressure, adjusted for variables
such as ambicnt tempcerature and topology of the substrate 12 of the target item. Phosphor
layer 20 is preferably applied under the aforementioned ultraviolet radiation source to
cnhance visible indicators or cucs to the operator during application, to cnsure relatively

uniform particulate distribution.
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At s114-1. prior to the application of phosphor layer 20 an operator preferably
arranges an ultraviolet radiation sourcc in such a manncr that the ultraviolet radiation
source will gencrally cvenly illuminate a target item to be painted. The ultraviolct
radiation source is preferably located in a room or ather area that is darkened or otherwise
substantially devoid of other light sources, so that the ultraviolet radiation source is the
primary source of illumination upon the object being painted.

Phosphor layer 20 is applicd to the substrate 12 of the target itcm at s114-2. When
applying the phosphor layer, the operator abserves that it will glow brightly under the
ultraviolet radiation source. This provides 4 visual cue for the quality of the coating,
whereas under a typical ambient white light the operator is not be able to distinguish the
phosphor layer 20 from diclectric layer 18 because the two layers will biend visually.

At s114-3, as the operator preferably applics a phosphor film layer 20 comprising
one or more relatively thin coats of phosphor under the ultraviolet radiation source the
operator will note that the phosphor layer coating becomes more uniform and. accordingly,
will know where to apply morc or lcss phosphor laycr coating in order to cnsurc the
finished phosphor layer is as uniform as desired. The phosphor film layer 20 being applicd
is excited by the aforementioned ultraviolet radiation source during application. the
ultraviolct radiation source thereby providing the operator with visual cues whilce the
phosphor film laycr is being applicd. At s114-4 the opcerator adjusts the application of the
phosphor film layer 20 in responsc to the visual cucs to apply a generally uniform
distribution of the phosphor matcrial upon the diclectric film layer 18. In some
embodiments a phosphor layer of about 0.001 inches or less is preferred. The conformal
coating process 1s finished at s114-5 once the phosphor film laycr 20 has rcached the
desired thickness and uniformity.

Since the diclectric 18 and phosphor 20 laycr components of the present invention
are chemically identical aside from inert particulate components, functionally they are
applicd in a contiguous process that chemically forms a single heterogencous, chemically
crosslinked layer distinguished only by the encapsulated inert particulate.

With continued reference to Fig. 2, once a desired thickness and distribution of
dielectric 18 phosphor 20 layers have been deposited at steps s112, s114 respectively the
resulting coating stack-up is allowed to curc at s116 for a determinable period of time,
sufficient to cvacuate remaining water content from the diclectric and phosphor laycers via

cvaporation, and also allow a mechanical bond between the applied diclectric/phosphor
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and backplane 16 layers to form. This period of time varies dependent upon
cnvironmental factors, such as temperature and humidity. The process may optionally be
accclerated by using the infrared heat sources described above for s112 and s114.

Bus bar 24 is applied at s118. Typically, bus bar 24 is applied using an airbrush or
suitable fine-aperture gravity-feed spray equipment such that the bus bar preferably forms
an clectrically conductive path that generally traces the circumference of a given EL lit
ficld to provide an cfficicnt current source for, and clectrical contact with, the transparent
top clectrode layer 22 and define the outer edge of the desired pattern of the EL field.

For some EL lamps the surface area of the lit field is sufficiently large that a bus
bar 24 applied to the periphery of the lit field does not provide adequate voltage
distribution to portions of the lamp distant from the bus bar, such as the center of the large
rectangular lamp. Likewisc, some substrates 12 may have an irregular gecometry, resulting
in areas of the lit field that are distant from bus bar 24. In such situations bus bar 24 may
include one or more “fingers™ of bus bar material in electrical communication with the bus
bar and cxtending away from the bus bar to the distant portion(s) of the EL lamp.
Similarly, a suitable grid pattern may be in clectrical communication with the bus bar 24
and extending away from the bus bar to the distant portion(s) of the EL larap.

Top clectrode 22 is applicd over the exposed phosphor layer 20 and bus bar 24 at
$120 using an airbrush or suitablc finc-aperturce gravity feed spray cquipment such that the
top clectrode forms a conductive path that bridges the gap between the bus bar at the
circumference of the EL ficld to provide a gencerally optically transparent conductive layer
over the entirety of the surface area of the EL field. Preferably, top electrode 22 is applied
with an opcrative clectrical signal 28 applicd to the top clectrode and backplanc 16 to
visually monitor the illumination of phosphor layer 20 during application of the top
clectrode. This allows the operator to determine whether the top clectrode 22 coating has
achieved a sufficient thickness and efficiency to allow the EL lamp to illuminate in the
manner desired. Each coat 18 preferably allowed to sct under the application of enhanced
infrared radiation between cach coat to allow for air cvaporation of the solution’s
aqueous/alcohol componcnts. The number of coats required is determined by the
uniformity of the distribution of the material, as well as specific local conductivity as

determined by the physical distance between any bus bar 24 gaps.
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Encapsulating layer 26 is applied at s122. Preferably, encapsulating layer 26 is
applicd so as to complctely cover the stack-up of EL lamp 10, thereby protecting the EL
lamp from damage.

In some embodiments of the present invention EI. Jamp 10 may include additional
features to manipulate the apparent color emitted by the lamp. In one such embodiment a
pigment-tinted overcoat 36 is applied at 8124 (Fig. 2) over EL lamp 10, as shown in Fig. 6.

In othcr cmbodiments reflected light and/or cmitted fight may be utilized to
manipulatc the apparent color cmitted by EL lamp 10. Under ambient conditions, the
apparent color of a surface 1s determined by the absorption and reflection of various
frequencies of light. Therefore, it is possible to effect a modification or change of
apparent color by scicctive employment of colored phosphors in conjunction with tinted
overcoats. Fig. 7 shows an EL lamp with reflected light modifying the color of EIL lamp
10, while Fig. 8 shows emitted Hght modifying the apparent color of light emitted by the
EL lamp.

Both the BaTiO; and ZnS particulatc componcnts of diclectric layer 18 and
phosphor layer 20 respectively cach exhibit significant propertics of optical translucence to
light at visible wavelengths. As a result, it is possible to directly superimpose layers of EL
lamp 10. scparated by a layer of an optically generally transparent encapsulant 38, to take
advantagc of these propertics. By alternatively or coincidentally cnergizing the respective
layers, substantial modification of apparcent color 1s achicvable. Combining this technique
with the previously described tinting and reflective/cmissive top  coating procedures
presents a wide array of possibilities for customization of the base EL lamp 10. Fig 9
shows a multiplc-laycr configuration EL lamp 50 with top laycr wiring, Fig. 10 shows a
multiple layer configuration EIL lamp 60 with bottom laycr wiring, and Fig. 11 shows a
multiplc layer configuration EL lamp 70 with dual layer wiring. EL lamps 50, 60, 70 arc
otherwise similar to EL lamp 10 in materials and construction.

An EL lamp 80 is shown in Fig. 12 according to still another cmbodiment of the
present invention. EL lamp 80 includes a substrate 12, which preferably is made of a
gencrally transparent material such as glass or plastic. In the stackup of EL lamp 80 a first
bus bar 24-1 is applied to substrate 12. A first generally transparent electrode film layer
22-1 1s applicd upon first bus bar 24-1. A first phosphor iayer 20-1 1s applicd upon first
clectrode film layer 22-1. A diclectric layer 18 is applicd upon first phosphor layer 20-1.

A sccond phosphor layer 20-2 is applied upon diclectric layer 18, A sccond generally
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transparent electrode film layer 22-2 is applied upon second phosphor layer 20-2. Finally,
an cncapsulating clear coat 26 is optionally applied upon second clectrode film layer 22-2.
EL lamp 80 is othcrwisc similar to EL lamp 10 in matcrials and construction.

In operation of EI. lamp 80, AC signal 28 is applied to bus bars 24-1, 24-2 as
shown in Fig. 12. The AC signal is electrically conducted from bus bars 24-1, 24-2 to
clectrodes 22-1, 22-2 respectively, gencerating an AC ficld across phosphor layers 20-1 and
20-2. Phosphor laycrs 20-1 and 20-2 arc cxcited by the AC ficld, causing the phosphor
layers to emit light. Light emitted by phosphor layer 20-1 is dirccted toward and though
transparent substrate 12. Light emitted by phosphor layer 20-2 is emitted in an opposing
direction, toward and through encapsulating clear coat 26.

In onc embodiment of the present invention the process of Fig. 2 may be slightly
rcarranged to produce an EL lamp 90 upon a generally transparent substrate 12, as shown
in Fig. 13. The substrate 12 is selected at s102. 1f substrate 12 is electrically conductive
an electrically insulative, generally transparent form of primer layer 14 of $104 may be
applicd to the substratc. Onc or morc bus bars 24 of s118 arc applicd upon substratc 12 (or
primer laycr 14). The transparent clectrode layer 22 of s120 is applicd upon bus bar 24
and substrate 12 (or primer layer 14). The phosphor film layer 20 of s114 is applied upon
the clectrode film layer 22, The diclectric film layer 18 of s112 is applicd upon the
phosphor laycr. The clectrically conductive basc backplanc film laycr 16 of s104 is
applicd upon diclectric film layer 18. Altematively, a sccond generally transparcnt
clectrode layer 22 may be substituted for the basc backplanc film layer 16 of 104, The
electrical connections of s108 may be made in any manner previously described. When
constructed in this manncr, light cmitted by phosphor film laycer 20 radiatcs through
transparcnt clectrode layer 22 and transparent substrate 12. EL lamp 90 is otherwisc
similar to EL lamp 10, dctailed above.

A number of mechanisms and additives may be utilized to significantly modify
and/or cnhance the appearance of EL lamps produccd in accordance with the present
invention, delincated by whether the a specific additive provides cither a passive, active or
cmissive function. Firstly, passive additives may be utilized. A passive additive is by
definition a component integrated into the coating layers of any of EL lamps 10, 30. 60,
70, 80, 90 such that it docs not cmit light as a mattcr of function, but rathcr modifics
cmitted light to exhibit a desired quality. There arc a number of materials, both naturally

occurring and engincered, that may be utilized to take advantage of
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birefringent/polarizing/crystal optic properties to substantially enhance color and/or
apparcnt brightness by employing a modified Fresncl lens effect.

An active additive is a matcrial that docs not cmit light, but rather modifics light by
the application of an electric field. A number of natural materials and a growing family of
engineered materials, particularly polymers, exhibit significant electro-optic
characteristics, in particular the modification of a matcrial’s optical propertics by the
application of an c¢lcctrical ficld. Elcctrochromism, the ability of a matcrial to change
color duc to the application of clectric charge is of particular interest among these cffects.
Such materials may be incorporated with the phosphor layer 20 co-polymer or as a distinct
layer between the phosphor and top electrode 22 layers.

Rcecent advances in engincered EL matcerials hold the promise of further enhancing
the performance of EL lamps produced according to the present invention by cither
complimenting or replacing the doped-ZnS component of the base formula for phosphor
layer 20. Among others. Gallium Nitride (GaN), Gallium Sulfide (GaS), Gallium Selenide
(GaSc2) and Strontium Aluminatc (SrAl) compounds doped with various mctal trace
clements have demonstrated value as EL materials.

Another material that may be utilized to compliment or replace the doped-ZnS
component of the base formula for phosphor layer 20 is Quantum Dots. Quantum Dots arc
a rclatively recent technology that introduce a new cmissive mcchanism to the family of
EL matcrials. Rather than cmitting a given bandwidth (color) of light based upon
characteristics of the dopant material, the cmission frequency is determined by the physical
size of the particle itseif and thus may be “tuned” to emit light across a wide spectrum,
including ncar-infrarcd. Quantum Dots also cxhibit both photolumincscent as well as
clectrolumincscent characteristics. These capabilitics offer a number of potential
functional benefits to EL lamps produced according to the present invention from cither
compounding traditional EL materials with Quantum Dots or by replacing traditional
matcrials cntircly with Quantum Dot technology depending on functional requircments.

While this invention has been shown and described with respect to a detailed
cmbodiment thereof, it will be understood by those skilled in the art that changes in form
and detail thereof may be made without departing from the scope of the claims of the

invention.
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Claims

What is claimed is:

1. A process for producing a conformal clectrolumincscent system, comprising the
steps of:

selecting a substrate;

applying a basc backplanc film layer upon the substrate using an aqueous-bascd,
clectrically conductive backplanc matcrial;

applying a diclectric film layer upon the backplane film layer using an aqucous-
based dielectric material;

applying a phosphor film layer upon the dielectric film layer using an aqueous-
bascd phosphor material, the phosphor film layer being cxcited by an ultraviolet radiation
source during application, the ultraviolct radiation source providing visual cucs whilc the
phosphor film layer is being applied, the application of the phosphor film layer being
adjusted in response to the visual cues to apply a generally uniform distribution of the
phosphor matcrial upon the diclectric film layer; and

applying an clectrode film layer upon the phosphor film layer using an aqucous-
based, substantially transparent, electrically conductive electrode material,

the backplane film laycer, diclectric film layer, phosphor film layer, and clectrode
film laycr cach being applicd by spray conformal coating,

wherein the phosphor film layer is cxcitable by an clectrical ficld established across
the phosphor film layer upon application of an clectrical charge between the backplanc
film layer and the electrode film layer such that the phosphor film layer emits

clectrolumincscent light.

2. The process of claim 1, further including the step of sclecting a diclectric
material having both electrically insulative and permittive properties, the dielectric
matcrial furthcr comprising at lcast onc of a titanate, an oxidc, a niobatc, an aluminate, a
tantalatc, and a zirconatc material, the diclectric material further being suspended in an

ammonia aqucous solvent,

3. Thc process of claim 1, further including the step of formulating a composition
for the diclectric film layer, comprising;

providing about a 2:1 solution of co-polymer and dilutc ammonium hydroxide:
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pre-wetting a predetermined quantity of barium titanate in a predetermined quantity
of ammonium hydroxide; and
adding the pre-wetted barium titanate to the solution of co-polymer and dilute

ammonium hydroxide to form a supersaturated suspension.

4. The process of claim 1, further including the step of sclecting a diclectric
matcrial having clectrically insulative and permittive propertics, the diclectric matcrial
further having photorefractive propertics to facilitate the propagation of light through

superimposed layers of the device.

5. The process of claim 1, further including the step of sclecting, for the phosphor
material, a semi-conductive coating composition having phosphors encapsulated within a

highly electrostatically permeable polymer matrix.

6. The process of claim 1, further including the step of sclecting, for the phosphor
material, a coating composition containing quantum dots or zinc sulfide-bascd phosphors

doped with at least one of copper, manganese and silver.

7. A process for producing a conformal clcctrolumincscent systcm, comprising the
steps of:

sclecting a gencrally transparent substrate;

applying an electrode film layer upon the substrate using an aqueous-based,
substantially transparcnt clcctrically conductive clectrode material;

applying a phosphor film layer upon the clectrode film layer using an aqucous-
bascd phosphor matcerial, the phosphor film layer being cxcited by an ultraviolet radiation
source during application, the ultraviolet radiation source providing visual cues while the
phosphor film laycr is being applicd, the application of the phosphor film laycr being
adjusted in responsc to the visual cues to apply a gencrally uniform distribution of the
phosphor material upon the diclectric film layer;

applying a dielectric film layer upon the phosphor layer using an aqueous-based
diclectric material; and

applying a basc backplanc film layer upon the dicleetric film layer using an

aqueous-bascd, clectrically conductive backplanc material,
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the backplane film layer, dielectric film layer, phosphor film laver, and electrode
film layer cach being applicd by spray conformal coating,

wherein the phosphor film layer is cxcitable by an clectrical ficld cstablished across
the phosphor film layer upon application of an electrical charge between the backplane
film layer and the electrode film layer such that the phosphor film layer emits

clectroluminescent light.

&. The process of claim 7, further including the step of sclecting a diclectric
material having both electrically insulative and permittive properties, the dielectric
material further comprising at least one of a titanate, an oxide, a niobate, an aluminate, a
tantalate, and a zirconate material, the diclectric material further being suspended in an

ammonia aqucous solvent.

9. The process of claim 7, further including the step of formulating a composition
for the diclectric film layer, comprising:

providing about a 2:1 solution of co-polymer and dilutc ammonium hydroxide;

pre-wetting a predetermined quantity of barium titanate in a predetermined quantity
of ammonium hydroxide; and

adding the pre-wetted barium titanatc to the solution of co-polymecr and dilute

ammonium hydroxide to form a supersaturated suspension.

10. The process of claim 7, further including the step of selecting a dielectric
matcrial having clectrically insulative and permittive propertics, the diclectric matcrial
further having photorefractive propertics to facilitate the propagation of light through

supcrimposcd layers of the device.

11. The process of claim 7, further including the step of sclecting, for the phosphor
matcrial, a scmi-conductive coating composition having phosphors cncapsulated within a

highly clectrostatically permcable polymer matrix.

12. The process of claim 7, further including the step of sclecting, for the phosphor
material, a coating composition containing quantum dots or zinc sulfide-based phosphors

doped with at lcast onc of copper, mangancse and silver.
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13. A process for producing a conformal clectroluminescent system, comprising
the steps of:

selecting a generally transparent substrate;

applying a first electrode film layer upon the substrate using an aqueous-based,
substantially transparent, clectrically conductive clectrode material;

applying a first phosphor film laycr upon the clectrode film layer using an aqucous-
bascd phosphor material, the first phosphor film layer being excited by an ultraviolct
radiation source during application, the ultraviolet radiation source providing visual cues
while the first phosphor film layer is being applied, the application of the first phosphor
film layer being adjusted in response to the visual cues to apply a gencerally uniform
distribution of thc phosphor material upon the diclectric film layer:;

applying a dielectric film layer upon the phosphor film layer using an aqueous-
based dielectric material,

applying a sccond phosphor film laycr upon the clectrode film layer using the
phosphor matcrial, the second phosphor film layer being excited by an ultraviolet radiation
source during application, the ultraviolet radiation source providing visual cues while the
sccond phosphor film layer is being applied, the application of the second phosphor film
layer being adjusted in responsc to the visual cucs to apply a gencrally uniform distribution
of the phosphor material upon the diclectric film layer; and

applying a sccond clectrode film layer upon the sccond phosphor layer using the
electrode material,

the first clectrode film laycer, first phosphor film laycr, diclectric film laycr, sccond
phosphor film laycr, and sccond clectrode film layer cach being applicd by spray
conformal coating,

wherein the first and second phosphor film layers are excitable by an electrical
ficld cstablished across the first and sccond phosphor film laycrs upon application of an
clectrical charge between the first clectrode film layer and the second clectrode film layer
such that the device emits electroluminescent light, the clectroluminescent light being

emitted on opposing sides of the substrate.

14. The process of claim 13, further including the step of sclecting a diclectric

material having both clectrically insulative and permittive propertics, the diclectric
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material further comprising at least one of a titanate, an oxide, a niobate, an aluminate, a
tantalate, and a zirconate material, the diclectric material further being suspended in an

ammonia aqucous solvent,

15. The process of claim 13, further including the step of formulating a
composition for the diclectric film laycr, comprising:

providing about a 2:1 solution of co-polymecr and dilutc ammonium hydroxidc:

pre-wetting a predetermined quantity of barium titanate in a predetermined quantity
of aramonium hydroxide; and

adding the pre-wetted barium titanate to the solution of co-polymer and dilute

ammonium hydroxide to form a supcrsaturated suspension.

16. The process of claim 13, further including the step of selecting a dielectric
material having electrically insulative and permittive properties, the dielectric material
further having photorefractive propertics to facilitate the propagation of light through

supcrimposcd layers of the device.

17. The process of claim 13, further including the step of sclecting, for the
phosphor matcrial, a scmi-conductive coating composition having phosphors cncapsulated

within a highly clectrostatically permeable polymer matrix.

18. The process of claim 13, further including the step of selecting, for the
phosphor matcrial, a coating composition containing quantum dots or zinc sulfide-bascd

phosphors doped with at Icast onc of copper, mangancsc and silver.



