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SOCKET FOR USE WITH A MICRO 
COMPONENT IN A LIGHT-EMITTING 

PANEL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

“The current application is a continuation application of 
U.S. application Ser. No. 09/697,346, filed Oct. 27, 2000 and 
titled A Socket for Use in a Light-Emitting Panel which is 
now U.S. Pat. No. 6,545,422. The following applications 
filed on the same date as the present application are herein 
incorporated by reference: U.S. patent application Ser. No. 
09/697.358 entitled A Micro-Component for Use in a Light 
Emitting Panel filed Oct. 27, 2000; U.S. patent application 
Ser. No. 09/697,498 entitled A Method for Testing a Light 
Emitting Panel and the Components. Therein filed Oct. 27, 
2000; U.S. patent application Ser. No. 09/697,345 entitled A 
Method and System for Energizing a Micro-Component In 
a Light-Emitting Panel filed Oct. 27, 2000; and U.S. patent 
application Ser. No. 09/697,344 entitled A Light-Emitting 
Panel and a Method of Making filed Oct. 27, 2000.” 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a light-emitting panel and 

methods of fabricating the same. The present invention 
further relates to a Socket, for use in a light-emitting panel, 
in which a micro-component is at least partially disposed. 

2. Description of Related Art 
In a typical plasma display, a gas or mixture of gases is 

enclosed between Orthogonally crossed and Spaced conduc 
tors. The crossed conductorS define a matrix of croSS over 
points, arranged as an array of miniature picture elements 
(pixels), which provide light. At any given pixel, the 
orthogonally crossed and Spaced conductors function as 
opposed plates of a capacitor, with the enclosed gas Serving 
as a dielectric. When a Sufficiently large Voltage is applied, 
the gas at the pixel breaks down creating free electrons that 
are drawn to the positive conductor and positively charged 
gas ions that are drawn to the negatively charged conductor. 
These free electrons and positively charged gas ions collide 
with other gas atoms causing an avalanche effect creating 
Still more free electrons and positively charged ions, thereby 
creating plasma. The Voltage level at which this ionization 
occurs is called the write Voltage. 
Upon application of a write Voltage, the gas at the pixel 

ionizes and emits light only briefly as free charges formed by 
the ionization migrate to the insulating dielectric walls of the 
cell where these charges produce an opposing Voltage to the 
applied Voltage and thereby extinguish the ionization. Once 
a pixel has been written, a continuous Sequence of light 
emissions can be produced by an alternating Sustain Voltage. 
The amplitude of the Sustain waveform can be less than the 
amplitude of the write Voltage, because the wall charges that 
remain from the preceding write or Sustain operation pro 
duce a Voltage that adds to the Voltage of the Succeeding 
Sustain waveform applied in the reverse polarity to produce 
the ionizing Voltage. Mathematically, the idea can be set out 
as V=V-V, where V is the Sustain Voltage, V is the 
write voltage, and V is the wall voltage. Accordingly, a 
previously unwritten (or erased) pixel cannot be ionized by 
the Sustain waveform alone. An erase operation can be 
thought of as a write operation that proceeds only far enough 
to allow the previously charged cell walls to discharge; it is 
Similar to the write operation except for timing and ampli 
tude. 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
Typically, there are two different arrangements of con 

ductors that are used to perform the write, erase, and Sustain 
operations. The one common element throughout the 
arrangements is that the Sustain and the address electrodes 
are spaced apart with the plasma-forming gas in between. 
Thus, at least one of the address or Sustain electrodes is 
located within the path the radiation travels, when the 
plasma-forming gas ionizes, as it exits the plasma display. 
Consequently, transparent or Semi-transparent conductive 
materials must be used, Such as indium tin oxide (ITO), So 
that the electrodes do not interfere with the displayed image 
from the plasma display. Using ITO, however, has Several 
disadvantages, for example, ITO is expensive and adds 
Significant cost to the manufacturing process and ultimately 
the final plasma display. 
The first arrangement uses two orthogonally crossed 

conductors, one addressing conductor and one Sustaining 
conductor. In a gas panel of this type, the Sustain waveform 
is applied acroSS all the addressing conductors and Sustain 
conductors So that the gas panel maintains a previously 
written pattern of light emitting pixels. For a conventional 
write operation, a Suitable write Voltage pulse is added to the 
Sustain Voltage waveform So that the combination of the 
write pulse and the Sustain pulse produces ionization. In 
order to write an individual pixel independently, each of the 
addressing and Sustain conductorS has an individual Selec 
tion circuit. Thus, applying a Sustain waveform acroSS all the 
addressing and Sustain conductors, but applying a write 
pulse acroSS only one addressing and one Sustain conductor 
will produce a write operation in only the one pixel at the 
interSection of the Selected addressing and Sustain conduc 
torS. 

The Second arrangement uses three conductors. In panels 
of this type, called coplanar Sustaining panels, each pixel is 
formed at the interSection of three conductors, one address 
ing conductor and two parallel Sustaining conductors. In this 
arrangement, the addressing conductor orthogonally crosses 
the two parallel Sustaining conductors. With this type of 
panel, the Sustain function is performed between the two 
parallel Sustaining conductors and the addressing is done by 
the generation of discharges between the addressing con 
ductor and one of the two parallel Sustaining conductors. 
The Sustaining conductors are of two types, addressing 

Sustaining conductors and Solely Sustaining conductors. The 
function of the addressing-Sustaining conductorS is twofold: 
to achieve a Sustaining discharge in cooperation with the 
Solely Sustaining conductors, and to fulfill an addressing 
role. Consequently, the addressing-Sustaining conductors are 
individually Selectable So that an addressing waveform may 
be applied to any one or more addressing-Sustaining con 
ductors. The Solely Sustaining conductors, on the other hand, 
are typically connected in Such a way that a Sustaining 
waveform can be simultaneously applied to all of the Solely 
Sustaining conductors So that they can be carried to the same 
potential in the same instant. 
Numerous types of plasma panel display devices have 

been constructed with a variety of methods for enclosing a 
plasma forming gas between Sets of electrodes. In one type 
of plasma display panel, parallel plates of glass with wire 
electrodes on the Surfaces thereof are spaced uniformly apart 
and Sealed together at the outer edges with the plasma 
forming gas filling the cavity formed between the parallel 
plates. Although widely used, this type of open display 
Structure has various disadvantages. The Sealing of the outer 
edges of the parallel plates and the introduction of the 
plasma forming gas are both expensive and time-consuming 
processes, resulting in a costly end product. In addition, it is 
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particularly difficult to achieve a good Seal at the Sites where 
the electrodes are fed through the ends of the parallel plates. 
This can result in gas leakage and a shortened product 
lifecycle. Another disadvantage is that individual pixels are 
not segregated within the parallel plates. As a result, gas 
ionization activity in a Selected pixel during a write opera 
tion may spill over to adjacent pixels, thereby raising the 
undesirable prospect of possibly igniting adjacent pixels. 
Even if adjacent pixels are not ignited, the ionization activity 
can change the turn-on and turn-off characteristics of the 
nearby pixels. 

In another type of known plasma display, individual 
pixels are mechanically isolated either by forming trenches 
in one of the parallel plates or by adding a perforated 
insulating layer Sandwiched between the parallel plates. 
These mechanically isolated pixels, however, are not com 
pletely enclosed or isolated from one another because there 
is a need for the free passage of the plasma forming gas 
between the pixels to assure uniform gas preSSure through 
out the panel. While this type of display Structure decreases 
Spill over, Spill over is Still possible because the pixels are 
not in total electrical isolation from one another. In addition, 
in this type of display panel it is difficult to properly align the 
electrodes and the gas chambers, which may cause pixels to 
misfire. AS with the open display Structure, it is also difficult 
to get a good Seal at the plate edges. Furthermore, it is 
expensive and time consuming to introduce the plasma 
producing gas and Seal the outer edges of the parallel plates. 

In yet another type of known plasma display, individual 
pixels are also mechanically isolated between parallel plates. 
In this type of display, the plasma forming gas is contained 
in transparent spheres formed of a closed transparent shell. 
Various methods have been used to contain the gas filled 
Spheres between the parallel plates. In one method, Spheres 
of varying Sizes are tightly bunched and randomly distrib 
uted throughout a Single layer, and Sandwiched between the 
parallel plates. In a Second method, Spheres are embedded in 
a sheet of transparent dielectric material and that material is 
then sandwiched between the parallel plates. In a third 
method, a perforated Sheet of electrically nonconductive 
material is Sandwiched between the parallel plates with the 
gas filled spheres distributed in the perforations. 

While each of the types of displays discussed above are 
based on different design concepts, the manufacturing 
approach used in their fabrication is generally the same. 
Conventionally, a batch fabrication process is used to manu 
facture these types of plasma panels. AS is well known in the 
art, in a batch process individual component parts are 
fabricated separately, often in different facilities and by 
different manufacturers, and then brought together for final 
assembly where individual plasma panels are created one at 
a time. Batch processing has numerous shortcomings, Such 
as, for example, the length of time necessary to produce a 
finished product. Long cycle times increase product cost and 
are undesirable for numerous additional reasons known in 
the art. For example, a sizeable quantity of Substandard, 
defective, or useleSS fully or partially completed plasma 
panels may be produced during the period between detection 
of a defect or failure in one of the components and an 
effective correction of the defect or failure. 

This is especially true of the first two types of displays 
discussed above; the first having no mechanical isolation of 
individual pixels, and the Second with individual pixels 
mechanically isolated either by trenches formed in one 
parallel plate or by a perforated insulating layer Sandwiched 
between two parallel plates. Due to the fact that plasma 
forming gas is not isolated at the individual pixel/Subpixel 
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level, the fabrication process precludes the majority of 
individual component parts from being tested until the final 
display is assembled. Consequently, the display can only be 
tested after the two parallel plates are Sealed together and the 
plasma-forming gas is filled inside the cavity between the 
two plates. If post production testing shows that any number 
of potential problems have occurred, (e.g. poor lumines 
cence or no luminescence at Specific pixels/subpixels) the 
entire display is discarded. 

BRIEF SUMMARY OF THE INVENTION 

Preferred embodiments of the present invention provide a 
light-emitting panel that may be used as a large-area radia 
tion Source, for energy modulation, for particle detection and 
as a flat-panel display. Gas-plasma panels are preferred for 
these applications due to their unique characteristics. 

In one basic form, the light-emitting panel may be used as 
a large area radiation Source. By configuring the light 
emitting panel to emit ultraViolet (UV) light, the panel has 
application for curing, painting, and Sterilization. With the 
addition of a white phosphor coating to convert the UV light 
to visible white light, the panel also has application as an 
illumination Source. 

In addition, the light-emitting panel may be used as a 
plasma-Switched phase array by configuring the panel in at 
least one embodiment in a microwave transmission mode. 
The panel is configured in Such a way that during ionization 
the plasma-forming gas creates a localized index of refrac 
tion change for the microwaves (although other wavelengths 
of light would work). The microwave beam from the panel 
can then be steered or directed in any desirable pattern by 
introducing at a localized area a phase shift and/or directing 
the microwaves out of a specific aperture in the panel 

Additionally, the light-emitting panel may be used for 
particle/photon detection. In this embodiment, the light 
emitting panel is Subjected to a potential that is just slightly 
below the write voltage required for ionization. When the 
device is Subjected to outside energy at a Specific position or 
location in the panel, that additional energy causes the 
plasma forming gas in the Specific area to ionize, thereby 
providing a means of detecting outside energy. 

Further, the light-emitting panel may be used in flat-panel 
displayS. These displayS can be manufactured very thin and 
lightweight, when compared to Similar sized cathode ray 
tube (CRTs), making them ideally suited for home, office, 
theaters and billboards. In addition, these displayS can be 
manufactured in large sizes and with Sufficient resolution to 
accommodate high-definition television (HDTV). Gas 
plasma panels do not Suffer from electromagnetic distortions 
and are, therefore, Suitable for applications Strongly affected 
by magnetic fields, Such as military applications, radar 
Systems, railway Stations and other underground Systems. 
According to a general embodiment of the present 

invention, a light-emitting panel is made from two 
Substrates, wherein one of the Substrates includes a plurality 
of Sockets and wherein at least two electrodes are disposed. 
At least partially disposed in each Socket is a micro 
component, although more than one micro-component may 
be disposed therein. Each micro-component includes a shell 
at least partially filled with a gas or gas mixture capable of 
ionization. When a large enough Voltage is applied acroSS 
the micro-component the gas or gas mixture ionizes forming 
plasma and emitting radiation. Various embodiments of the 
present invention are drawn to different Socket Structures. 

In one embodiment of the present invention, a cavity is 
patterned on a Substrate Such that it is formed in the 
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Substrate. In another embodiment, a plurality of material 
layerS form a Substrate and a portion of the material layers 
is Selectively removed to form a cavity. In another 
embodiment, a cavity is patterned on a Substrate So that the 
cavity is formed in the Substrate and a plurality of material 
layers are disposed on the Substrate Such that the material 
layerS conform to the shape of the cavity. In another 
embodiment, a plurality of material layers, each including an 
aperture, are disposed on a Substrate. In this embodiment, 
the material layers are disposed So that the apertures are 
aligned, thereby forming a cavity. Other embodiments are 
directed to methods for forming the Sockets described 
above. 

Each Socket includes at least two electrodes that are 
arranged So Voltage applied to the two electrodes causes one 
or more micro-components to emit radiation. In an embodi 
ment of the present invention, the at least two electrodes are 
adhered to only the first Substrate, only the Second Substrate, 
or at least one electrode is adhered to the first Substrate and 
at least one electrode is adhered to the Second Substrate. In 
another embodiment, the at least two electrodes are arranged 
So that the radiation emitted from the micro-component 
when energized is emitted throughout the field of view of the 
light-emitting panel Such that the radiation does not croSS the 
two electrodes. In another embodiment, at least one elec 
trode is disposed within the material layers. 
A cavity can be any shape or size. In an embodiment, the 

shape of the cavity is Selected from a group consisting of a 
cube, a cone, a conical frustum, a paraboloid, Spherical, 
cylindrical, a pyramid, a pyramidal frustum, a 
parallelepiped, and a prism. In another embodiment, a 
Socket and a micro-component are described with a male 
female connector type configuration. In this embodiment, 
the micro-component and the cavity have complimentary 
shapes, wherein the opening of the cavity is Smaller than the 
diameter of the micro-component So that when the micro 
component is disposed in the cavity the micro-component is 
held in place by the cavity. 

The size and shape of the Socket influences the perfor 
mance and characteristics of the display and may be chosen, 
for example, to optimize the panel's efficiency of operation. 
In addition, the size and shape of the Socket may be chosen 
to optimize photon generation and provide increased lumi 
nosity and radiation transport efficiency. Further, Socket 
geometry may be selected based on the shape and size of the 
micro-component to optimize the Surface contact between 
the micro-component and the Socket and/or to ensure con 
nectivity of the micro-component and any electrodes dis 
posed within the Socket. In an embodiment, the inside of a 
Socket is coated with a reflective material, which provides an 
increase in luminosity. 

Other features, advantages, and embodiments of the 
invention are set forth in part in the description that follows, 
and in part, will be obvious from this description, or may be 
learned from the practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other features and advantages of this 
invention will become more apparent by reference to the 
following detailed description of the invention taken in 
conjunction with the accompanying drawings. 

FIG. 1 depicts a portion of a light-emitting panel showing 
the basic Socket Structure of a Socket formed from patterning 
a Substrate, as disclosed in an embodiment of the present 
invention. 

FIG. 2 depicts a portion of a light-emitting panel showing 
the basic Socket Structure of a Socket formed from patterning 
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6 
a Substrate, as disclosed in another embodiment of the 
present invention. 

FIG. 3A shows an example of a cavity that has a cube 
shape. 

FIG. 3B shows an example of a cavity that has a cone 
shape. 

FIG. 3C shows an example of a cavity that has a conical 
frustum shape. 

FIG. 3D shows an example of a cavity that has a parabo 
loid shape. 
FIG.3E shows an example of a cavity that has a spherical 

shape. 
FIG. 3F shows an example of a cavity that has a cylin 

drical shape. 
FIG. 3G shows an example of a cavity that has a pyramid 

shape. 
FIG. 3H shows an example of a cavity that has a pyra 

midal frustum shape. 
FIG. 3I shows an example of a cavity that has a paral 

lelepiped shape. 
FIG. 3J shows an example of a cavity that has a prism 

shape. 
FIG. 4 shows the Socket structure from a light-emitting 

panel of an embodiment of the present invention with a 
narrower field of view. 

FIG. 5 shows the Socket structure from a light-emitting 
panel of an embodiment of the present invention with a 
wider field of view. 

FIG. 6A depicts a portion of a light-emitting panel show 
ing the basic Socket Structure of a Socket formed from 
disposing a plurality of material layers and then Selectively 
removing a portion of the material layers with the electrodes 
having a co-planar configuration. 

FIG. 6B is a cut-away of FIG. 6A showing in more detail 
the co-planar Sustaining electrodes. 

FIG. 7A depicts a portion of a light-emitting panel show 
ing the basic Socket Structure of a Socket formed from 
disposing a plurality of material layers and then Selectively 
removing a portion of the material layers with the electrodes 
having a mid-plane configuration. 

FIG. 7B is a cut-away of FIG. 7A showing in more detail 
the uppermost Sustain electrode. 

FIG. 8 depicts a portion of a light-emitting panel showing 
the basic Socket Structure of a Socket formed from disposing 
a plurality of material layers and then Selectively removing 
a portion of the material layers with the electrodes having an 
configuration with two Sustain and two address electrodes, 
where the address electrodes are between the two Sustain 
electrodes. 

FIG. 9 depicts a portion of a light-emitting panel showing 
the basic Socket Structure of a Socket formed from patterning 
a Substrate and then disposing a plurality of material layers 
on the Substrate So that the material layerS conform to the 
shape of the cavity with the electrodes having a co-planar 
configuration. 

FIG. 10 depicts a portion of a light-emitting panel show 
ing the basic Socket Structure of a Socket formed from 
patterning a Substrate and then disposing a plurality of 
material layerS on the Substrate So that the material layers 
conform to the shape of the cavity with the electrodes having 
a mid-plane configuration. 

FIG. 11 depicts a portion of a light-emitting panel show 
ing the basic Socket Structure of a Socket formed from 
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patterning a Substrate and then disposing a plurality of 
material layerS on the Substrate So that the material layers 
conform to the shape of the cavity with the electrodes having 
a configuration with two Sustain and two address electrodes, 
where the address electrodes are between the two Sustain 
electrodes. 

FIG. 12 shows a portion of a socket of an embodiment of 
the present invention where the micro-component and the 
cavity are formed as a type of male-female connector. 

FIG. 13 shows an exploded view of a portion of a 
light-emitting panel showing the basic Socket Structure of a 
Socket formed by disposing a plurality of material layers 
with aligned apertures on a Substrate with the electrodes 
having a co-planar configuration. 

FIG. 14 shows an exploded view of a portion of a 
light-emitting panel showing the basic Socket Structure of a 
Socket formed by disposing a plurality of material layers 
with aligned apertures on a Substrate with the electrodes 
having a mid-plane configuration. 

FIG. 15 shows an exploded view of a portion of a 
light-emitting panel showing the basic Socket Structure of a 
Socket formed by disposing a plurality of material layers 
with aligned apertures on a Substrate with electrodes having 
a configuration with two Sustain and two address electrodes, 
where the address electrodes are between the two Sustain 
electrodes. 

DETAILED DESCRIPTION OF THE 
PREFERRRED EMBODIMENTS OF THE 

INVENTION 

As embodied and broadly described herein, the preferred 
embodiments of the present invention are directed to a novel 
light-emitting panel. In particular, the preferred embodi 
ments are directed to a Socket capable of being used in the 
light-emitting panel and Supporting at least one micro 
component. 

FIGS. 1 and 2 show two embodiments of the present 
invention wherein a light-emitting panel includes a first 
Substrate 10 and a second Substrate 20. The first Substrate 10 
may be made from Silicates, polypropylene, quartz, glass, 
any polymeric-based material or any material or combina 
tion of materials known to one skilled in the art. Similarly, 
Second Substrate 20 may be made from Silicates, 
polypropylene, quartz, glass, any polymeric-based material 
or any material or combination of materials known to one 
skilled in the art. First Substrate 10 and second Substrate 20 
may both be made from the same material or each of a 
different material. Additionally, the first and second Sub 
Strate may be made of a material that dissipates heat from the 
light-emitting panel. In a preferred embodiment, each Sub 
Strate is made from a material that is mechanically flexible. 

The first substrate 10 includes a plurality of sockets 30. 
The Sockets 30 may be disposed in any pattern, having 
uniform or non-uniform spacing between adjacent Sockets. 
Patterns may include, but are not limited to, alphanumeric 
characters, Symbols, icons, or pictures. Preferably, the Sock 
ets 30 are disposed in the first Substrate 10 so that the 
distance between adjacent Sockets 30 is approximately 
equal. Sockets 30 may also be disposed in groupS. Such that 
the distance between one group of Sockets and another group 
of Sockets is approximately equal. This latter approach may 
be particularly relevant in color light-emitting panels, where 
each Socket in each group of Sockets may represent red, 
green and blue, respectively. 
At least partially disposed in each Socket 30 is at least one 

micro-component 40. Multiple micro-components 40 may 
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8 
be disposed in a Socket to provide increased luminosity and 
enhanced radiation transport efficiency. In a color light 
emitting panel according to one embodiment of the present 
invention, a single Socket Supports three micro-components 
configured to emit red, green, and blue light, respectively. 
The micro-components 40 may be of any shape, including, 
but not limited to, Spherical, cylindrical, and aspherical. In 
addition, it is contemplated that a micro-component 40 
includes a micro-component placed or formed inside another 
Structure, Such as placing a spherical micro-component 
inside a cylindrical-shaped Structure. In a color light 
emitting panel, each cylindrical-shaped Structure may hold 
micro-components configured to emit a single color of 
Visible light or multiple colors arranged red, green, blue, or 
in Some other Suitable color arrangement. 

In its most basic form, each micro-component 40 includes 
a shell 50 filled with a plasma-forming gas or gas mixture 
45. While a plasma-forming gas or gas mixture 45 is used in 
a preferred embodiment, any other material capable of 
providing luminescence is also contemplated, Such as an 
electro-luminescent material, organic light-emitting diodes 
(OLEDs), or an electro-phoretic material. The shell 50 may 
have a diameter ranging from micrometers to centimeters as 
measured acroSS its minor axis, with Virtually no limitation 
as to its size as measured acroSS its major axis. For example, 
a cylindrical-shaped micro-component may be only 100 
microns in diameter acroSS its minor axis, but may be 
hundreds of meters long acroSS its major axis. In a preferred 
embodiment, the outside diameter of the shell, as measured 
across its minor axis, is from 100 microns to 300 microns. 
When a Sufficiently large Voltage is applied acroSS the 
micro-component the gas or gas mixture ionizes forming 
plasma and emitting radiation. 
A cavity 55 formed within and/or on a substrate provides 

the basic socket 30 structure. The cavity 55 may be any 
shape and size. As depicted in FIGS. 3A-3J, the shape of the 
cavity 50 may include, but is not limited to, a cube 100, a 
cone 110, a conical frustum 120, a paraboloid 130, spherical 
140, cylindrical 150, a pyramid 160, a pyramidal frustum 
170, a parallelepiped 180, or a prism 190. In addition, in 
another embodiment of the present invention as shown in 
FIG. 12, the socket 30 may be formed as a type of male 
female connector with a male micro-component 40 and a 
female cavity 55. The male micro-component 40 and female 
cavity 55 are formed to have complimentary shapes. As 
shown in FIG. 12, as an example, both the cavity and 
micro-component have complimentary cylindrical shapes. 
The opening 35 of the female cavity is formed such that the 
opening is Smaller than the diameter d of the male micro 
component. The larger diameter male micro-component can 
be forced through the Smaller opening of the female cavity 
55 so that the male micro-component 40 is locked/held in the 
cavity and automatically aligned in the Socket with respect 
to at least one electrode 500 disposed therein. This arrange 
ment provides an added degree of flexibility for micro 
component placement. In another embodiment, this Socket 
Structure provides a means by which cylindrical micro 
components may be fed through the Sockets on a row-by 
row basis or in the case of a Single long cylindrical micro 
component (although other shapes would work equally well) 
fed/woven throughout the entire light-emitting panel. 
The size and shape of the Socket 30 influences the 

performance and characteristics of the light-emitting panel 
and are Selected to optimize the panel's efficiency of opera 
tion. In addition, Socket geometry may be Selected based on 
the shape and size of the micro-component to optimize the 
Surface contact between the micro-component and the 
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Socket and/or to ensure connectivity of the micro-component 
and the electrodes disposed on or within the Socket. Further, 
the size and shape of the sockets 30 may be chosen to 
optimize photon generation and provide increased luminoS 
ity and radiation transport efficiency. 
As shown by example in FIGS. 4 and 5, the size and shape 

may be chosen to provide a field of view 400 with a specific 
angle 0, Such that a micro-component 40 disposed in a deep 
Socket 30 may provide more collimated light and hence a 
narrower viewing angle 0 (FIG. 4), while a micro 
component 40 disposed in a shallow socket 30 may provide 
a wider viewing angle 0 (FIG. 5). That is to say, the cavity 
may be sized, for example, So that its depth SubSumes a 
micro-component that is deposited within a Socket, or it may 
be made shallow So that a micro-component is only partially 
disposed within a Socket. 

There are a variety of coatings 350 that may be at least 
partially added to a Socket that also influence the perfor 
mance and characteristics of the light-emitting panel. Types 
of coatings 350 include, but are not limited to, adhesives, 
bonding agents, coatings used to convert UV light to visible 
light, coatings used as reflecting filters, and coatings used as 
band-gap filters. One skilled in the art will recognize that 
other coatings may also be used. The coatings 350 may be 
applied to the inside of the socket 30 by differential 
Stripping, lithographic process, Sputtering, laser deposition, 
chemical deposition, vapor deposition, or deposition using 
inkjet technology. One skilled in the art will realize that 
other methods of coating the inside of the Socket 30 may be 
used. Alternatively, or in conjunction with the variety of 
socket coatings 350, a micro-component 40 may also be 
coated with a variety of coatings 300. These micro 
component coatings 300 include, but are not limited to, 
coatings used to convert UV light to visible light, coatings 
used as reflecting filters, and coatings used as band-gap 
filters. 

In order to assist placing/holding a micro-component 40 
or plurality of micro-components in a socket 30, a socket 30 
may contain a bonding agent or an adhesive. The bonding 
agent or adhesive may readily hold a micro-component or 
plurality of micro-components in a Socket or may require 
additional activation energy to Secure the micro-components 
or plurality of micro-components in a Socket. In an embodi 
ment of the present invention, where the micro-component 
is configured to emit UV light, the inside of each of the 
sockets 30 is at least partially coated with phosphor in order 
to convert the UV light to visible light. In a color light 
emitting panel, in accordance with another embodiment, red, 
green, and blue phosphors are used to create alternating red, 
green, and blue, pixels/Subpixels, respectively. By combin 
ing these colors at varying intensities all colors can be 
formed. In another embodiment, the phosphor coating may 
be combined with an adhesive So that the adhesive acts as a 
binder for the phosphor and also binds the micro-component 
40 to the Socket 30 when it is cured. In addition, the Socket 
30 may be coated with a reflective material, including, but 
not limited to, optical dielectric Stacks, to provide an 
increase in luminosity, by directing radiation traveling in the 
direction of the Substrate in which the Sockets are formed out 
through the field of view 400 of the light-emitting panel. 

In an embodiment for a method of making a light-emitting 
panel including a plurality of Sockets, a cavity 55 is formed, 
or patterned, in a Substrate 10 to create a basic Socket shape. 
The cavity may be formed in any Suitable shape and size by 
any combination of physically, mechanically, thermally, 
electrically, optically, or chemically deforming the Substrate. 
Disposed proximate to, and/or in, each Socket may be a 
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10 
variety of enhancement materials 325. The enhancement 
materials 325 include, but are not limited to, anti-glare 
coatings, touch Sensitive Surfaces, contrast enhancement 
coatings, protective coatings, transistors, integrated-circuits, 
Semiconductor devices, inductors, capacitors, resistors, 
diodes, control electronics, drive electronics, pulse-forming 
networks, pulse compressors, pulse transformers, and tuned 
circuits. 

In another embodiment of the present invention for a 
method of making a light-emitting panel including a plural 
ity of Sockets, a Socket 30 is formed by disposing a plurality 
of material layers 60 to form a first substrate 10, disposing 
at least one electrode either directly on the first substrate 10, 
within the material layerS or any combination thereof, and 
selectively removing a portion of the material layers 60 to 
create a cavity. The material layers 60 include any 
combination, in whole or in part, of dielectric materials, 
metals, and enhancement materials 325. The enhancement 
materials 325 include, but are not limited to, anti-glare 
coatings, touch Sensitive Surfaces, contrast enhancement 
coatings, protective coatings, transistors, integrated-circuits, 
Semiconductor devices, inductors, capacitors, resistors, 
diodes, control electronics, drive electronics, pulse-forming 
networks, pulse compressors, pulse transformers, and tuned 
circuits. The placement of the material layers 60 may be 
accomplished by any transfer process, photolithography, 
Sputtering, laser deposition, chemical deposition, Vapor 
deposition, or deposition using inkjet technology. One of 
general skill in the art will recognize other appropriate 
methods of disposing a plurality of material layers on a 
substrate. The cavity 55 may be formed in the material layers 
60 by a variety of methods including, but not limited to, wet 
or dry etching, photolithography, laser heat treatment, ther 
mal form, mechanical punch, embossing, Stamping-out, 
drilling, electroforming or by dimpling. 

In another embodiment of the present invention for a 
method of making a light-emitting panel including a plural 
ity of Sockets, a Socket 30 is formed by patterning a cavity 
55 in a first Substrate 10, disposing a plurality of material 
layers 65 on the first substrate 10 so that the material layers 
65 conform to the cavity 55, and disposing at least one 
electrode on the first substrate 10, within the material layers 
65, or any combination thereof. The cavity may be formed 
in any Suitable shape and size by any combination of 
physically, mechanically, thermally, electrically, optically, or 
chemically deforming the substrate. The material layers 65 
include any combination, in whole or in part, of dielectric 
materials, metals, and enhancement materials 325. The 
enhancement materials 325 include, but are not limited to, 
anti-glare coatings, touch Sensitive Surfaces, contrast 
enhancement coatings, protective coatings, transistors, 
integrated-circuits, Semiconductor devices, inductors, 
capacitors, resistors, diodes, control electronics, drive 
electronics, pulse-forming networks, pulse compressors, 
pulse transformers, and tuned-circuits. The placement of the 
material layers 65 may be accomplished by any transfer 
process, photolithography, Sputtering, laser deposition, 
chemical deposition, vapor deposition, or deposition using 
ink jet technology. One of general skill in the art will 
recognize other appropriate methods of disposing a plurality 
of material layerS on a Substrate. 

In another embodiment of the present invention for a 
method of making a light-emitting panel including a plural 
ity of Sockets, a Socket 30 is formed by disposing a plurality 
of material layers 66 on a first substrate 10 and disposing at 
least one electrode on the first Substrate 10, within the 
material layers 66, or any combination thereof. Each of the 
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material layers includes a preformed aperture 56 that 
extends through the entire material layer. The apertures may 
be of the same size or may be of different sizes. The plurality 
of material layers 66 are disposed on the first Substrate with 
the apertures in alignment thereby forming a cavity 55. The 
material layerS 66 include any combination, in whole or in 
part, of dielectric materials, metals, and enhancement mate 
rials 325. The enhancement materials 325 include, but are 
not limited to, anti-glare coatings, touch Sensitive Surfaces, 
contrast enhancement coatings, protective coatings, 
transistors, integrated-circuits, Semiconductor devices, 
inductors, capacitors, resistors, diodes, control electronics, 
drive electronics, pulse-forming networks, pulse 
compressors, pulse transformers, and tuned-circuits. The 
placement of the material layerS 66 may be accomplished by 
any transfer process, photolithography, Sputtering, laser 
deposition, chemical deposition, vapor deposition, or depo 
Sition using inkjet technology. One of general skill in the art 
will recognize other appropriate methods of disposing a 
plurality of material layers on a Substrate. 

The electrical potential necessary to energize a micro 
component 40 is Supplied via at least two electrodes. In a 
general embodiment of the present invention, a light 
emitting panel includes a plurality of electrodes, wherein at 
least two electrodes are adhered to only the first Substrate, 
only the Second Substrate or at least one electrode is adhered 
to each of the first Substrate and the Second Substrate and 
wherein the electrodes are arranged So that Voltage applied 
to the electrodes causes one or more micro-components to 
emit radiation. In another general embodiment, a light 
emitting panel includes a plurality of electrodes, wherein at 
least two electrodes are arranged So that Voltage Supplied to 
the electrodes cause one or more micro-components to emit 
radiation throughout the field of view of the light-emitting 
panel without crossing either of the electrodes. 

In an embodiment where the cavities 55 are patterned on 
the first Substrate 10 So that the cavities are formed in the 
first Substrate, at least two electrodes may be disposed on the 
first Substrate 10, the second substrate 20, or any combina 
tion thereof. In exemplary embodiments as shown in FIGS. 
1 and 2, a Sustain electrode 70 is adhered on the second 
Substrate 20 and an address electrode 80 is adhered on the 
first substrate 10. In a preferred embodiment, at least one 
electrode adhered to the first substrate 10 is at least partly 
disposed within the socket (FIGS. 1 and 2). 

In an embodiment where the first Substrate 10 includes a 
plurality of material layers 60 and the cavities 55 are formed 
by Selectively removing a portion of the material layers, at 
least two electrodes may be disposed on the first Substrate 
10, disposed within the material layers 60, disposed on the 
Second Substrate 20, or any combination thereof. In one 
embodiment, as shown in FIG. 6A, a first address electrode 
80 is disposed within the material layers 60, a first Sustain 
electrode 70 is disposed within the material layers 60, and a 
second sustain electrode 75 is disposed within the material 
layers 60, such that the first Sustain electrode and the second 
Sustain electrode are in a co-planar configuration. FIG. 6B is 
a cut-away of FIG. 6A showing the arrangement of the 
co-planar Sustain electrodes 70 and 75. In another 
embodiment, as shown in FIG. 7A, a first Sustain electrode 
70 is disposed on the first Substrate 10, a first address 
electrode 80 is disposed within the material layers 60, and a 
second sustain electrode 75 is disposed within the material 
layers 60, such that the first address electrode is located 
between the first Sustain electrode and the Second Sustain 
electrode in a mid-plane configuration. FIG. 7B is a cut 
away of FIG. 7A showing the first Sustain electrode 70. As 
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seen in FIG. 8, in a preferred embodiment of the present 
invention, a first Sustain electrode 70 is disposed within the 
material layers 60, a first address electrode 80 is disposed 
within the material layers 60, a second address electrode 85 
is disposed within the material layerS 60, and a Second 
sustain electrode 75 is disposed within the material layers 
60, Such that the first address electrode and the second 
address electrode are located between the first Sustain elec 
trode and the Second Sustain electrode. 

In an embodiment where the cavities 55 are patterned on 
the first substrate 10 and a plurality of material layers 65 are 
disposed on the first Substrate 10 so that the material layers 
conform to the cavities 55, at least two electrodes may be 
disposed on the first Substrate 10, at least partially disposed 
within the material layers 65, disposed on the second Sub 
Strate 20, or any combination thereof. In one embodiment, as 
shown in FIG. 9, a first address electrode 80 is disposed on 
the first Substrate 10, a first Sustain electrode 70 is disposed 
within the material layerS 65, and a Second Sustain electrode 
75 is disposed within the material layers 65, such that the 
first Sustain electrode and the Second Sustain electrode are in 
a co-planar configuration. In another embodiment, as shown 
in FIG. 10, a first Sustain electrode 70 is disposed on the first 
substrate 10, a first address electrode 80 is disposed within 
the material layers 65, and a second sustain electrode 75 is 
disposed within the material layers 65, such that the first 
address electrode is located between the first Sustain elec 
trode and the Second Sustain electrode in a mid-plane 
configuration. AS Seen in FIG. 11, in a preferred embodiment 
of the present invention, a first Sustain electrode 70 is 
disposed on the first substrate 10, a first address electrode 80 
is disposed within the material layerS 65, a Second address 
electrode 85 is disposed within the material layers 65, and a 
second Sustain electrode 75 is disposed within the material 
layers 65, such that the first address electrode and the second 
address electrode are located between the first Sustain elec 
trode and the Second Sustain electrode. 

In an embodiment where a plurality of material layers 66 
with aligned apertures 56 are disposed on a first substrate 10 
thereby creating the cavities 55, at least two electrodes may 
be disposed on the first substrate 10, at least partially 
disposed within the material layers 65, disposed on the 
Second Substrate 20, or any combination thereof. In one 
embodiment, as shown in FIG. 13, a first address electrode 
80 is disposed on the first Substrate 10, a first Sustain 
electrode 70 is disposed within the material layers 66, and a 
second Sustain electrode 75 is disposed within the material 
layerS 66, Such that the first Sustain electrode and the Second 
Sustain electrode are in a co-planar configuration. In another 
embodiment, as shown in FIG. 14, a first Sustain electrode 
70 is disposed on the first Substrate 10, a first address 
electrode 80 is disposed within the material layers 66, and a 
second Sustain electrode 75 is disposed within the material 
layers 66, such that the first address electrode is located 
between the first Sustain electrode and the Second Sustain 
electrode in a mid-plane configuration. AS Seen in FIG. 15, 
in a preferred embodiment of the present invention, a first 
sustain electrode 70 is disposed on the first Substrate 10, a 
first address electrode 80 is disposed within the material 
layers 66, a second address electrode 85 is disposed within 
the material layers 66, and a second sustain electrode 75 is 
disposed within the material layers 66, such that the first 
address electrode and the Second address electrode are 
located between the first Sustain electrode and the Second 
Sustain electrode. 

Other embodiments and uses of the present invention will 
be apparent to those skilled in the art from consideration of 
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this application and practice of the invention disclosed 
herein. The present description and examples should be 
considered exemplary only, with the true Scope and Spirit of 
the invention being indicated by the following claims. AS 
will be understood by those of ordinary skill in the art, 
variations and modifications of each of the disclosed 
embodiments, including combinations thereof, can be made 
within the scope of this invention as defined by the following 
claims. 
What is claimed is: 
1. A light-emitting panel comprising: 
a first Substrate; 
a Second Substrate opposed to the first Substrate; 
a plurality of Sockets, wherein each Socket of the plurality 

of Sockets comprises a cavity and wherein the cavity is 
patterned on the first substrate so as to be formed in the 
first Substrate; 

a plurality of micro-components, wherein at least two 
micro-components of the plurality of micro 
components are at least partially disposed in each 
Socket; and 

a plurality of electrodes that are electrically but not 
physically in contact with the plurality of micro 
components, wherein at least two electrodes of the 
plurality of electrodes are adhered to only the first 
Substrate, only the Second Substrate, or at least one 
electrode of the at least two electrodes is adhered to 
each of the first Substrate and the Second Substrate and 
wherein the at least two electrodes are arranged So that 
Voltage Supplied to the at least two electrodes causes 
one or more micro-components to emit radiation. 

2. The light-emitting panel of claim 1, wherein the cavity 
is in a shape Selected from a group consisting of a cube, a 
cone, a conical frustum, a paraboloid, a sphere, a cylinder, 
a pyramid, a pyramidal frustum, a parallelepiped, and a 
prism. 

3. The light-emitting panel of claim 1, wherein a depth of 
the cavity is selected to achieve a specific field of view for 
the light-emitting panel. 

4. The light-emitting panel of claim 1, wherein at least one 
Socket is at least partially coated with phosphor. 

5. The light-emitting panel of claim 1, wherein at least one 
Socket is at least partially coated with a reflective material. 

6. The light-emitting panel of claim 1, further comprising 
an adhesive or bonding agent disposed in the cavity. 

7. The light-emitting panel of claim 1, wherein at least one 
Socket comprises at least one enhancement material Selected 
from a group consisting of anti-glare coatings, touch Sensi 
tive Surfaces, contrast enhancement coatings, and protective 
coatings. 

8. The light-emitting panel of claim 1, wherein at least one 
Socket comprises at least one enhancement material Selected 
from a group consisting of transistors, integrated-circuits, 
Semiconductor devices, inductors, capacitors, resistors, 
diodes, control electronics, drive electronics, pulse-forming 
networks, pulse compressors, pulse transformers, and tuned 
circuits. 

9. A light-emitting panel comprising: 
a first Substrate; 
a Second Substrate opposed to the first Substrate; 
a plurality of Sockets, wherein each Socket of the plurality 

of Sockets comprises: 
a cavity, wherein the cavity is patterned on the first 

Substrate So as to be formed in the first Substrate; 
wherein a depth of the cavity is Selected to achieve 
a specific field of view for the light emitting panel 
and 
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a plurality of material layers, wherein the plurality of 

material layers are disposed on the first Substrate 
Such that the plurality of material layerS conform to 
the shape of the cavity of each Socket; 

a plurality of micro-components, each containing a gas 
or gas-mixture, wherein at least one micro 
component of the plurality of micro-components is at 
least partially disposed in each Socket; 

a plurality of electrodes, wherein at least one electrode 
of the plurality of electrodes is disposed within the 
material layers. 

10. The light-emitting display of claim 9, wherein at least 
two electrodes of the plurality of electrodes are arranged So 
that Voltage Supplied to the at least two electrodes causes one 
or more micro-components to emit radiation throughout a 
field of view of the light-emitting panel without crossing the 
at least two electrodes. 

11. The light-emitting panel of claim 9, wherein the shape 
of the cavity is Selected from a group consisting of a cube, 
a cone, a conical frustum, a paraboloid, a sphere, a cylinder, 
a pyramid, a pyramidal frustum, a parallelepiped, and a 
prism. 

12. The light-emitting panel of claim 9, wherein at least 
one Socket is at least partially coated with phosphor. 

13. The light-emitting panel of claim 9, wherein at least 
one Socket is at least partially coated with a reflective 
material. 

14. The light-emitting panel of claim 9, further compris 
ing an adhesive or bonding agent disposed in each Socket. 

15. The light-emitting panel of claim 9, wherein the 
material layerS comprise at least one enhancement material 
Selected from a group consisting of anti-glare coatings, 
touch Sensitive Surfaces, contrast enhancement coatings, and 
protective coatings. 

16. The light-emitting panel of claim 9, wherein the 
material layerS comprise at least one enhancement material 
Selected from a group consisting of transistors, integrated 
circuits, Semiconductor devices, inductors, capacitors, 
resistors, diodes, control electronics, drive electronics, 
pulse-forming networks, pulse compressors, pulse 
transformers, and tuned-circuits. 

17. A light-emitting panel comprising: 
a first Substrate; 
a Second Substrate opposed to the first Substrate; 
a plurality of Sockets, each Socket of the plurality of 

Sockets comprising a cavity patterned on the first 
Substrate So as to be formed in the first Substrate, and 
further wherein each Socket comprises at least one 
enhancement material Selected from a group consisting 
of transistors, integrated-circuits, Semiconductor 
devices, inductors, capacitors, resistors, diodes, control 
electronics, drive electronics, pulse-forming networks, 
pulse compressors, pulse transformers, and tuned 
circuits, 

a plurality of micro-components, each containing a gas or 
gas-mixture, wherein at least one micro-component of 
the plurality of micro-components is at least partially 
disposed in each Socket; and 
a plurality of electrodes, wherein at least two electrodes 

of the plurality of electrodes are adhered to only the 
first Substrate, only the Second Substrate, or at least 
one electrode is adhered to each of the first Substrate 
and the Second Substrate and wherein the at least two 
electrodes are arranged So that Voltage Supplied to 
the at least two electrodes causes one or more 
micro-components to emit radiation. 
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18. A Socket for use in a light-emitting display, the Socket 
comprising: 

a cavity defined by a plurality of material layers, wherein 
the cavity is formed by Selectively removing portions 
of the plurality of material layers, 

at least one micro-component disposed in the cavity, the 
micro-component containing a gas or gas-mixture 
capable of emitting radiation when exposed to an 
electric potential of Sufficient Strength; and 

a plurality of electrodes disposed in the cavity and 
arranged to expose the microcomponent to the electric 
potential. 

19. The Socket of claim 18, wherein the cavity comprises 
at least one of a cube, a cone, a conical frustum, a 
paraboloid, a sphere, a cylinder, a pyramid, a pyramidal 
frustum, a parallelepiped, and a prism. 

20. The socket of claim 18, wherein the cavity and the 
micro-component comprise complementary mating shapes. 

21. The Socket of claim 18, further comprising a coating, 
the coating comprising at least one of a bonding agent, an 
adhesive, a coating to convert ultraViolet light to visible 
light, reflective material, a reflective filter, an optical dielec 
tric Stack, a ban-gap filter, and combinations thereof. 

22. The socket of claim 18, further comprising an 
enhancement material, the 

enhancement material comprising at least one of an 
anti-glare coating, a touch Sensitive Surface, a contrast 
enhancement coating, a protective coating, a transistor, 
an integrated circuit, a Semi-conductor device, an 
inductor, a capacitor, a resistor, a diode, control 
electronics, drive electronics, pulse-forming networks, 
a pulse compressor, a pulse transformer, a tuned circuit 
and combinations thereof. 

23. The Socket of claim 18, wherein the plurality of 
electrodes are formed in the plurality of material layers. 

24. The Socket of claim 18, wherein at least one of the 
plurality of material layers comprises at least one of a 
dielectric material, a metal, an anti-glare coating, a touch 
Sensitive Surface, a contrast enhancement coating, a protec 
tive coating, a transistor, an integrated circuit, a Semi 
conductor device, an inductor, a capacitor, a resistor, a diode, 
control electronics, drive electronics, pulse-forming 
networks, a pulse compressor, a pulse transformer, a tuned 
circuit, and combinations thereof. 

25. A Socket for use in a light-emitting display, the Socket 
comprising: 

a Substrate; 
a plurality of material layers, each material layer com 

prising a preformed aperture extending through that 
material layer, the material layerS disposed on the 
Substrate and the apertures aligned to form a cavity in 
the Socket and at least one micro-component containing 
a gas or gas-mixture disposed in the cavity. 

26. The Socket of claim 25, wherein at least one of the 
plurality of material layers comprises at least one of a 
dielectric material, a metal, an anti-glare coating, a touch 
Sensitive Surface, a contrast enhancement coating, a protec 
tive coating, a transistor, an integrated circuit, a Semi 
conductor device, an inductor, a capacitor, a resistor, a diode, 
control electronics, drive electronics, pulse-forming 
networks, a pulse compressor, a pulse transformer, a tuned 
circuit, and combinations thereof. 

27. A method for making a Socket for use in a light 
emitting panel, the method comprising: 

disposing a plurality of material layerS on a Substrate, 
patterning a cavity on the Substrate by Selectively remov 

ing portions of the plurality of material layers, 
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disposing at least one micro-component in the cavity, the 

micro-component containing a gas or gas-mixture 
being capable of emitting radiation when exposed to an 
electric potential of Sufficient Strength; and 

disposing at least two electrodes on the Substrate arranged 
to expose the micro-component to an electric potential. 

28. The method of claim 27, further comprising disposing 
a plurality of micro-components in die cavity, the electrodes 
arranged to expose each one of the plurality of micro 
components to an electric potential. 

29. The method of claim 28, further comprising adding at 
least one coating to the Socket, the coating comprising at 
least one of a bonding agent, an adhesive, a coating to 
convert ultraviolet light to visible light, reflective material, 
a reflective filter, an optical dielectric Stack, a band-gap 
filter, and combinations thereof. 

30. The method of claim 28, further comprising adding at 
least one enhancement material to the Socket, the enhance 
ment material comprising at least one of an anti-glare 
coating, a touch Sensitive Surface, a contrast enhancement 
coating, a protective coating, a transistor, an integrated 
circuit, a Semi-conductor device, an inductor, a capacitor, a 
resistor, a diode, control electronics, drive electronics, pulse 
forming networks, a pulse compressor, a pulse transformer, 
a tuned circuit, and combinations thereof. 

31. The method of claim 27, wherein the step of disposing 
the material layers comprises at least one of 
photolithography, Sputtering, laser deposition, chemical 
deposition, vapor deposition, and deposition using ink-jet 
technology. 

32. The method of claim 27, wherein the step of selec 
tively removing portions of each material layer comprises at 
least one of wet etching, dry etching, photolithography, laser 
beat treatment, thermal forming, mechanical punching, 
embossing, stamping, drilling, electroforming, dimpling, 
and combinations thereof. 

33. The method of claim 27, further comprising disposing 
a plurality of micro-components in the cavity, the electrodes 
arranged to expose each one of the plurality of micro 
components to an electric potential. 

34. The method of claim 27, further comprising adding at 
least one coating to the Socket, the coating comprising at 
least one of a bonding agent, an adhesive, a coating to 
convert ultraviolet light to visible light, reflective material, 
a reflective filter, an optical dielectric Stack, a band-gap 
filter, and combinations thereof. 

35. The method of claim 27, father comprising adding at 
least one enhancement material to the Socket, the enhance 
ment material comprising at least one of an anti-glare 
coating, a touch Sensitive Surface, a contrast enhancement 
coating, a protective coating, a transistor, an integrated 
circuit, a Semi-conductor device, an inductor, a capacitor, a 
resistor, a diode, control electronics, drive electronics, pulse 
forming networks, a pulse compressor, a pulse transformer, 
a tuned circuit, and combinations thereof. 

36. A method for making a Socket for use in a light 
emitting panel, the method comprising: 

disposing a plurality of material layers on a Substrate, 
each material layer comprising a preformed aperture 
extending through that material layer, aligning the 
apertures in the material layers to form a cavity on the 
first Substrate; 

disposing at least one micro-component in the cavity, the 
micro-component containing a gas or gas-mixture 
capable of emitting radiation when exposed to an 
electric potential of Sufficient Strength; and 

disposing at least two electrodes within the Socket 
arranged to expose the micro-component to an electric 
potential. 
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37. The method of claim 36, wherein the step of disposing 
the material layers comprises at least one of 
photolithography, Sputtering, laser deposition, chemical 
deposition, vapor deposition, and deposition using ink-jet 
technology. 

38. The method of claim 36, further comprising disposing 
a plurality of micro-components in the cavity, the electrodes 
arranged to expose each one of the plurality of micro 
components to an electric potential. 

39. The method of claim 36, further comprising adding at 
least one coating to the Socket, the coating comprising at 
least one of a bonding agent, an adhesive, a coating to 
convert ultraviolet light to visible light reflective material, a 
reflective filter, an optical dielectric Stack, a band-gap filter, 
and combinations thereof. 

18 
40. The method of claim 36, further comprising adding at 

least one enhancement material to the Socket, the enhance 
ment material comprising at least one of an anti-glare 
coating, a touch Sensitive Surface, a contrast enhancement 
coating, a protective coating, a transistor, an integrated 
circuit, a Semi-conductor device, an inductor, a capacitor, a 
resistor, a diode, control electronics, drive electronics, pulse 
forming networks, a pal So compressor, a pulse transformer, 
a tuned circuit, and combinations thereof. 

41. The method of claim 36, wherein the two electrodes 
are disposed on at least one of the Substrate, the material 
layers, and combinations thereof. 
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LIQUID MANUFACTURING PROCESSES 
FOR PANELLAYER FABRICATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of application 
Ser. No. 09/697,344, filed Oct. 27, 2000, now U.S. Pat. No. 
6,612,889, entitled Method for Making A Light-Emitting 
Panel, and is related to the following co-owned, applica 
tions: Ser. No. 09/697,346, filed Oct. 27, 2000, now U.S. Pat. 
No. 6,545,422 entitled: Socket for Use with a Micro 
component in a Light-Emitting Panel; Ser. No. 09/697,358, 
filed Oct. 27, 2000, entitled: Micro-component for Use in a 
Light-Emitting Panel; Ser. No. 09/697,498, filed Oct. 27, 
2000, now U.S. Pat. No. 6,620,012 entitled: Method for 
Testing a Light-Emitting Panel and the Components 
Therein; Ser. No. 09/697,345, filed Oct. 27, 2000, now U.S. 
Pat. No. 6,570,335 entitled: Method and System for Ener 
gizing a Micro-component in a Light-Emitting Panel; Ser. 
No. 10/214,769, entitled Use of Printing and Other Tech 
nology for Micro-component Placement filed herewith; Ser. 
No. 10/214,716, entitled Method of On-Line Testing of a 
Light-Emitting Panel filed herewith; Ser. No. 10/214,764, 
entitled Method and Apparatus for Addressing Micro 
components in a Plasma Display Panel filed herewith; and 
Ser. No. 10/214,768, entitled Design, Fabrication, 
Conditioning, and Testing of Micro-Components for Use in 
a Light-Emitting Panel filed herewith. Each of the above 
identified applications is incorporated herein by reference in 
its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention is relates to a method for manu 
facturing a light-emitting panel and more particularly to a 
web fabrication process for manufacturing a light-emitting 
panel. 

2. Description of Related Art 
A number of different methods have been used or pro 

posed for construction of plasma panel display devices in 
which a plasma-forming gas is enclosed between Sets of 
electrodes which are used to excite the plasma. In one type 
of plasma display panel, wire electrodes are placed on the 
Surfaces of parallel plates of glass So that they are spaced 
uniformly apart. The plates are then Sealed together at the 
outer edges with the plasma forming gas filling the cavity 
formed between the parallel plates. Although widely used, 
this type of open display Structure Suffers from numerous 
disadvantages. The Sealing of the outer edges of the parallel 
plates and the introduction of the plasma forming gas are 
both expensive and time-consuming processes, resulting in 
a costly end product. In addition, it is particularly difficult to 
achieve a good Seal at the Sites where the electrodes are fed 
through the ends of the parallel plates, which can result in 
gas leakage and a shortened product life. Another disadvan 
tage is that individual pixels are not Segregated within the 
parallel plates. As a result, gas ionization activity in a 
Selected pixel during a write operation may spill over to 
adjacent pixels, thereby raising the undesirable prospect of 
possibly igniting adjacent pixels. Even if adjacent pixels are 
not ignited, the ionization activity can change the turn-on 
and turn-off characteristics of the nearby pixels. 

In another type of known plasma display, individual 
pixels are mechanically isolated either by forming trenches 
in one of the parallel plates or by adding a perforated 
insulating layer Sandwiched between the parallel plates. 
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These mechanically isolated pixels, however, are not com 
pletely enclosed or isolated from one another because there 
is a need for the free passage of the plasma forming gas 
between the pixels to assure uniform gas pressure through 
out the panel. While this type of display Structure decreases 
Spill over, Spill over is still possible because the pixels are 
not in total electrical isolation from one another. In addition, 
in this type of display panel it is difficult to properly align the 
electrodes and the gas chambers, which may cause pixels to 
misfire. AS with the open display Structure, it is also difficult 
to get a good Seal at the plate edges. Furthermore, it is 
expensive and time consuming to introduce the plasma 
producing gas and Seal the outer edges of the parallel plates. 

In yet another type of known plasma display, individual 
pixels are also mechanically isolated between parallel plates. 
In this type of display, the plasma forming gas is contained 
in transparent spheres formed of a closed transparent shell. 
Various methods have been used to contain the gas filled 
Spheres between the parallel plates. In one method, Spheres 
of varying sizes are tightly bunched and randomly distrib 
uted throughout a Single layer, and Sandwiched between the 
parallel plates. In a Second method, Spheres are embedded in 
a sheet of transparent dielectric material and that material is 
then sandwiched between the parallel plates. In a third 
method, a perforated Sheet of electrically nonconductive 
material is Sandwiched between the parallel plates with the 
gas filled spheres distributed in the perforations. 
While each of the types of displays discussed above are 

based on different design concepts, the manufacturing 
approach used in their fabrication is generally the same: a 
batch fabrication process. It would be desirable to simplify 
and Streamline the manufacturing proceSS and to eliminate at 
least a portion of the Steps which can have a negative impact 
on process yield and/or cost. The present invention is 
directed to Such a method. 

BRIEF SUMMARY OF THE INVENTION 

According to the present invention, a novel flexible 
plasma display panel and methods for making Such a panel 
involve a web fabrication process. In this display panel, the 
plasma forming gas is Sealed in transparent micro 
components formed of a closed transparent shell. The micro 
components, which may be spheres, capillaries or virtually 
any other three-dimensional shape, are then coated with 
phosphors to emit one of the primary colors: red, green or 
blue. In the web fabrication process, a nonconductive flex 
ible first Substrate has electrodes imprinted thereon using 
known printing techniques, Such as lithography or Screen 
printing. In one variation, dimples are embossed in the first 
Substrate to define locations at which micro-components are 
to be placed relative to the electrodes. In another variation, 
the micro-components are electroStatically drawn to the 
correct locations relative to the electrodes. After affixing the 
micro-components in place, and possibly testing to ensure 
complete and proper placement of the micro-components, a 
Second Substrate, also in web form, is disposed over the first 
Substrate So that the micro-components are Sandwiched 
between the first and Second Substrates. Additional elec 
trodes may be patterned on the Second Substrate, and the 
Second Substrate may be applied as more than one layer to 
create one or more dielectric/electrode Sandwiches near the 
micro-component to provide additional Sustain electrodes or 
addressing electrodes. Alternatively, the Second Substrate 
can be preformed with embedded electrodes which are then 
aligned with the micro-components when the Second Sub 
Strate is applied. A protective layer may be placed on top of 
the Second Substrate, then the layered assembly is diced to 
form individual light-emitting panels of the desired size. 
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In a Second embodiment of the present invention, a 
light-emitting panel is formed on a first Substrate comprising 
a flexible web material. A conductive film is patterned on the 
first Substrate to define a plurality of electrodes and dimples 
are formed to define locations in which gas-filled micro 
components, which emit light when excited, are to be 
located. An adhesive material may be deposited into the 
dimples. The micro-components are then applied to fill the 
dimples, where they are held in place by the adhesive. 
Application of the micro-components to the first Substrate 
can be achieved by a number of different methods including 
use of a drop tower or an ink-jet type dispenser, or by 
running the first Substrate through a shaker bath filled with 
an excess of micro-components. An electroStatic charge may 
be applied to the first substrate to draw the micro 
components to the desired locations. After the micro 
components are affixed to the first Substrate, a liquid dielec 
tric material is applied to the Surface of the first Substrate 
using known methods Such a vacuum or atmospheric 
coating, which may include chemical vapor deposition 
(CVD), plasma Sputtering, electron-beam deposition, injec 
tion of coating fluid under pressure, Screen printing or 
Similar processes. The conditions under which the liquid 
dielectric are applied, e.g., the Surface energy and Surface 
tension of the liquid, are Selected to ensure good wetting of 
the micro-components, i.e., So that the dielectric material is 
in contact with the Surfaces of the micro-components with 
out bubbles or gaps. Further, the liquid dielectric should be 
applied with a uniform thickness acroSS the first Substrate So 
that the Spacing between the excitation electrodes is uniform 
acroSS the display. Depending on the deposition process that 
was used, the liquid dielectric is then cured to remove any 
Solvents and other volatile agents that were included in the 
liquid to facilitate fluid delivery, leaving the micro 
components embedded in the flexible, cured dielectric layer. 
In a preferred embodiment, the liquid dielectric is coated So 
as to form a dielectric layer with a thickness corresponding 
to about half the height of the micro-component, allowing a 
mid-plane conductor to be formed near the micro 
components. 

Electrodes are formed by applying a conductive liquid to 
the upper Surface of the dielectric layer. The electrodes may 
be patterned using known lithographic methods, e.g., con 
ductive film deposition, photoresist deposition, masked 
exposure and development of the photoresist followed by 
etching to remove the unprotected film, or by printing, e.g., 
ink-jet printing with a conductive ink. In an alternative 
embodiment, conductive liquids that are Selectively drawn 
to the desired locations using one or more characteristics of 
the liquid including Surface tension, Viscosity, thickness and 
electrical conductivity in combination with Surface charac 
teristics of the dielectric layer. For example, where channels 
or depressions in the dielectric layer may act as guides for 
distribution of a liquid conductor to the desired locations 
near the micro-components, So that no alignment is required 
in the Step for forming the electrodes. 
A Second application of liquid dielectric material coats the 

upper Surface of the previous dielectric layer, mid-plane 
conductor and the Surfaces of the micro-components above 
the mid-plane point. An additional Sequence of depositing a 
liquid dielectric and a patterned conductive film may be 
added before “topping off the layers with a final coating of 
liquid dielectric to form a layer that approaches, but not does 
not cover, the tops of the micro-components. A protective 
cover layer is then placed over top of the entire assembly, 
then the panels are diced into the desired dimensions. The 
cover layer is preferably a web material that may be applied 
according to known web manufacturing methods. 
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In an alternate method for patterning of electrodes using 

photolithographic methods, after formation of a conductive 
layer, a coating of photoSensitive material, e.g., photoresist, 
is disposed on top of the conductive layer. A contact mask 
is formed using a flexible optical waveguide having a 
Surface area which covers all or a significant portion of the 
light-emitting panel. During formation of the waveguide, the 
cladding material is patterned to allow light to escape from 
the waveguide at Selective locations corresponding to loca 
tions of the electrodes to be defined. The photoresist is 
exposed at the desired locations by light "leaking from the 
waveguide, then the waveguide mask is removed. After the 
photoresist is cured and the unexposed resist is removed, the 
conductive material is Selectively etched to form the elec 
trodes at the desired locations. 

Other features, advantages, and embodiments of the 
invention are set forth in part in the description that follows, 
and in part, will be obvious from this description, or may be 
learned from the practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other features and advantages of this 
invention will become more apparent by reference to the 
following detailed description of the invention taken in 
conjunction with the accompanying drawings. 

FIG. 1 is a perspective view of a portion of a light 
emitting panel showing the basic Socket Structure of a Socket 
formed from patterning a Substrate, as disclosed in an 
embodiment of the present invention. 

FIG. 2a is a perspective view of a portion of a light 
emitting panel, partially cut-away, to reveal micro 
components and electrodes. 

FIG. 2b is a detail view of the embodiment of FIG. 2a 
with upper dielectric layers cut away to reveal the co-planar 
Sustaining electrodes. 

FIG. 3a is a diagrammatic croSS-Sectional view of a 
portion of an embodiment of the light-emitting panel with 
the electrodes having a mid-plane configuration. 

FIG. 3b is a perspective view of the embodiment of FIG. 
3a with the upper dielectric layer cut away to reveal the 
uppermost Sustain electrode. 

FIG. 4 is a diagrammatic cross-sectional view of a portion 
of an embodiment of the light-emitting panel with the 
electrodes having a configuration with two Sustain and two 
address electrodes, where the address electrodes are between 
the two Sustain electrodes. 

FIG. 5 is a diagrammatic cross-sectional view of a portion 
of an embodiment of the light-emitting panel with the 
electrodes having a co-planar configuration. 

FIG. 6 is a diagrammatic cross-sectional view of a portion 
of an embodiment of the light-emitting panel with the 
electrodes having a mid-plane configuration. 

FIG. 7 is a diagrammatic cross-sectional view of a portion 
of an embodiment of the light-emitting panel with the 
electrodes having a configuration with two Sustain and two 
address electrodes, where the address electrodes are between 
the two Sustain electrodes. 

FIG. 8 is a flowchart of a first embodiment of a web 
fabrication method for manufacturing light-emitting dis 
playS according to the present invention. 

FIG. 9 is a graphical representation of a web fabrication 
process for manufacturing light-emitting panels according to 
the first embodiment of the web fabrication method. 

FIG. 10 is a flow diagram of a second embodiment of a 
web fabrication method according to the present invention. 
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FIG. 11 is an exploded perspective view of a portion of a 
light-emitting panel showing the basic Socket Structure of a 
Socket formed by disposing a plurality of material layers 
with aligned apertures on a Substrate with the electrodes 
having a co-planar configuration. 

FIG. 12 shows an exploded perspective view of a portion 
of a light-emitting panel showing the basic Socket Structure 
of a Socket formed by disposing a plurality of material layers 
with aligned apertures on a Substrate with the electrodes 
having a mid-plane configuration. 

FIG. 13 shows an exploded view of a portion of a 
light-emitting panel showing the basic Socket Structure of a 
Socket formed by disposing a plurality of material layers 
with aligned apertures on a Substrate with electrodes having 
a configuration with two Sustain and two address electrodes, 
where the address electrodes are between the two Sustain 
electrodes. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

As embodied and broadly described herein, the preferred 
embodiments of the present invention are directed to a novel 
method for making a light-emitting panel. In particular, 
preferred embodiments are directed to web fabrication pro 
ceSSes for manufacturing light-emitting panels. 

FIG. 1 illustrates an exemplary display panel in which a 
plurality of sphere-shaped micro-components 40 are embed 
ded within a Sandwich of dielectric layers consisting of first 
Substrate 10 and second Substrate 20. The first Substrate 10 
is formed from a flexible sheet material that is appropriate 
for web fabrication, Such as polyester (e.g., MylarE), poly 
imide (e.g., Kapton(R), polypropylene, polyethylene, 
propylene, nylon or any polymer-based material possessing 
dielectric properties appropriate for use as an insulator 
between electrodes as needed for operation of a plasma 
display panel. Such electrical requirements are known to 
those of skill in the art. Second substrate 20 may be made 
from the same or Similar dielectric material. 

The first substrate 10 includes a plurality of sockets 30 
adapted for retaining at least one micro-component 40. The 
Sockets 30 may be disposed in any pattern, having uniform 
or non-uniform spacing between adjacent Sockets. Patterns 
may include, but are not limited to, a uniform array, alpha 
numeric characters, Symbols, icons, or pictures. Preferably, 
the sockets 30 are disposed in the first Substrate 10 So that 
the distance between adjacent Sockets 30 is approximately 
equal. Sockets 30 may also be disposed in groupS. Such that 
the distance between one group of Sockets and another group 
of Sockets is approximately equal. This latter approach may 
be particularly relevant in color light-emitting panels, where 
each group of Sockets represents a combination of the 
primary colors: red, green and blue. 

Multiple micro-components may be disposed in a Socket 
to provide increased luminosity and enhanced radiation 
transport efficiency. In a color light-emitting panel according 
to one embodiment of the present invention, a single Socket 
Supports three micro-components configured to emit red, 
green, and blue light, respectively. The micro-components 
40 may be of any shape, including, but not limited to, 
Spherical, cylindrical, and aspherical. In addition, it is con 
templated that a micro-component 40 includes a micro 
component placed or formed inside another Structure, Such 
as placing a spherical micro-component inside a cylindrical 
shaped Structure. In a color light-emitting panel according to 
an embodiment of the present invention, each cylindrical 
shaped Structure holds micro-components configured to emit 
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6 
a single color of Visible light or multiple colors arranged red, 
green, blue, or in Some other Suitable color arrangement. 

In one embodiment, the micro-components 40 are posi 
tioned in the sockets 30 of first Substrate 10 by use of an 
ink-jet-type feeder which provides aligned placement of the 
micro-components 40. A number of methods of placing the 
micro-components in the Sockets are disclosed in 
co-pending application Ser. No. 10/214,769, which is incor 
porated herein by reference in its entirety. 
An adhesive or bonding agent, discussed below, may be 

applied to each micro-component to assist in placing/ 
holding a micro-component 40 or plurality of micro 
components in a Socket 30. In an alternative embodiment, an 
electroStatic charge is placed on each micro-component and 
an electrostatic field is applied to each micro-component to 
assist in the placement of a micro-component 40 or plurality 
of micro-components in a Socket 30. This technique, known 
as “electrostatic sheet transfer” (“EST") is described in the 
aforementioned co-pending application Ser. No. 10/214,769. 
Applying an electroStatic charge to the micro-components 
also helps avoid agglomeration among the plurality of 
micro-components. In one embodiment of the present 
invention, an electron gun may be used to place an electro 
Static charge on each micro-component, then one electrode 
disposed proximate to each Socket 30 is energized to provide 
the opposing electroStatic field required to attract the elec 
troStatically charged micro-component. 

In order to assist in placing/holding a micro-component 
40 or plurality of micro-components in a socket 30, a socket 
30 may contain a bonding agent or an adhesive. The bonding 
agent or adhesive, typically an electrically-conductive epoxy 
material which is filled with, for example, Silver, copper, 
aluminum, or other conductor, may be applied to the inside 
of the socket 30 by differential stripping, lithographic 
process, Sputtering, laser deposition, chemical deposition, 
Vapor deposition, or preferably, by deposition using inkjet 
technology. One skilled in the art will recognize that other 
methods of coating the inside of the socket 30 may be used. 

In its most basic form, each micro-component 40 includes 
a shell 50 filled with a plasma-forming gas or gas mixture 
45. Any Suitable gas or gas mixture 45 capable of ionization 
may be used as the plasma-forming gas, including, but not 
limited to, krypton, Xenon, argon, neon, oxygen, helium, 
mercury, and mixtures thereof. In fact, any noble gas could 
be used as the plasma-forming gas, including, but not 
limited to, noble gases mixed with cesium or mercury. 
Further, rare gas halide mixtures Such as Xenon chloride, 
Xenon fluoride and the like are also Suitable plasma-forming 
gases. Rare gas halides are efficient radiators having radi 
ating wavelengths over the approximate range of 190 nm to 
350 nm, i.e. longer than that of pure xenon (147 to 170 nm). 
Using compounds Such as Xenon chloride that radiates near 
310 nm results in an overall quantum efficiency gain, i.e., a 
factor of two or more, given by the mixture ratio. Still 
further, in another embodiment of the present invention, rare 
gas halide mixtures are also combined with other plasma 
forming gases as listed above. This description is not 
intended to be limiting. One skilled in the art would recog 
nize other gases or gas mixtures that could also be used. In 
a color display, the plasma-forming gas or gas mixture 45 is 
chosen So that during ionization the gas will produce a 
Specific wavelength of light corresponding to a desired 
color. For example, neon-argon emits red light, Xenon 
oxygen emits green light, and krypton-neon emits blue light. 
While a plasma-forming gas or gas mixture 45 is used in a 
preferred embodiment, any other material capable of lumi 
neScing is also contemplated, Such as an electro-luminescent 
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material, organic light-emitting diodes (OLEDs), or an elec 
trophoretic material. 

The shell 50 may be made from a wide assortment of 
materials, including, but not limited to, Silicates, 
polypropylene, glass, any polymeric-based material, mag 
nesium oxide and quartz and may be of any Suitable size. 
The shell 50 may have a diameter ranging from micrometers 
to centimeters as measured acroSS its minor axis, with 
Virtually no limitation as to its size as measured acroSS its 
major axis. For example, a cylindrical-shaped micro 
component may be only 100 microns in diameter acroSS its 
minor axis, but may be hundreds of meters long acroSS its 
major axis. In a preferred embodiment, the outside diameter 
of the shell, as measured acroSS its minor axis, is from 100 
microns to 300 microns. In addition, the shell thickness may 
range from micrometers to millimeters, with a preferred 
thickness from 1 micron to 10 microns. 
When a Sufficiently large Voltage is applied across the 

micro-component the gas or gas mixture ionizes forming 
plasma and emitting radiation. The potential required to 
initially ionize the gas or gas mixture inside the shell 50 is 
governed by Paschen's Law and is closely related to the 
preSSure of the gas inside the shell. In the present invention, 
the gas pressure inside the shell 50 ranges from tens of torrs 
to Several atmospheres. In a preferred embodiment, the gas 
pressure ranges from 100 torr to 700 torr. The size and shape 
of a micro-component 40, and the type and pressure of the 
plasma-forming gas contained therein, influence the perfor 
mance and characteristics of the light-emitting panel and are 
Selected to optimize the panel's efficiency of operation. 

There are a variety of coatings 300 and dopants that may 
be added to a micro-component 40 that also influence the 
performance and characteristics of the light-emitting panel. 
The coatings 300 may be applied to the outside or inside of 
the shell 50, and may either partially or fully coat the shell 
50. Types of outside coatings include, but are not limited to, 
coatings used to convert UV light to visible light (e.g. 
phosphor), coatings used as reflecting filters, and coatings 
used as band-gap filters. Types of inside coatings include, 
but are not limited to, coatings used to convert UV light to 
visible light (e.g. phosphor), coatings used to enhance Sec 
ondary emissions and coatings used to prevent erosion. 
Those skilled in the art will recognize that other coatings 
may also be used. The coatings 300 may be applied to the 
shell 50 by differential Stripping, lithographic processes, 
Sputtering, laser deposition, chemical deposition, Vapor 
deposition, or deposition using ink jet technology. In a 
preferred embodiment, the coating is applied by immersing 
the micro-components in a slurry of phosphor particles, 
Similar to the procedures used in the manufacture of fluo 
rescent lamps, So that the particles adhere to the outer 
surface of the micro-component. One skilled in the art will 
recognize that other methods of coating the inside and/or 
outside of the shell 50 may be used. Types of dopants 
include, but are not limited to, dopants used to convert UV 
light to visible light (e.g. phosphor), dopants used to enhance 
Secondary emissions and dopants used to provide a conduc 
tive path through the shell 50. The dopants are added to the 
shell 50 by any suitable technique known to one skilled in 
the art, including ion implantation. It is contemplated that 
any combination of coatings and dopants may be added to a 
micro-component 40. Alternatively, or in combination with 
the coatings and dopants that may be added to a micro 
component 40, a variety of coatings may be coated on the 
inside of a Socket 30. These coatings include, but are not 
limited to, coatings used to convert UV light to visible light, 
coatings used as reflecting filters, and coatings used as 
band-gap filters. 
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In an embodiment of the light emitting panel, when a 

micro-component is configured to emit UV light, the UV 
light is converted to visible light by at least partially coating 
the inside the shell 50 with phosphor, at least partially 
coating the outside of the shell 50 with phosphor, doping the 
shell 50 with phosphor and/or coating the inside of a socket 
30 with phosphor. In a color panel, according to an embodi 
ment of the present invention, colored phosphor is chosen So 
the visible light emitted from alternating micro-components 
is colored red, green and blue, respectively. By combining 
these primary colors at varying intensities, all colors can be 
formed. It is contemplated that other color combinations and 
arrangements may be used. In another embodiment for a 
color light-emitting panel, the UV light is converted to 
Visible light by disposing a Single colored phosphor on the 
micro-component 40 and/or on the inside of the socket 30. 
Colored filters may then be alternatingly applied over each 
socket 30 to convert the visible light to colored light of any 
Suitable arrangement, for example red, green and blue. By 
coating all the micro-components with a single colored 
phosphor and then converting the visible light to colored 
light by using at least one filter applied over the top of each 
Socket, micro-component placement is made leSS compli 
cated and the light-emitting panel is more easily config 
urable. 

Additional coatings may be applied or modifications 
made to the micro-component to enhance performance, for 
example, by increasing luminosity and radiation transport 
efficiency, and to permit construction of a DC light-emitting 
panel. Luminousity can be improved by at least partially 
coating the micro-component with a Secondary emission 
enhancement material Such as magnesium oxide and thulium 
oxide. Alternatively or in conjunction with the coating, the 
shell can be doped with a Secondary emission enhancement 
material. The micro-component can also be coated with or 
have a doped shell to enhance emission and/or radiation 
transport with reflective or conductive materials. Doping the 
shell 50 with a conductive material such as silver, gold, 
platinum or aluminum provides a direct conductive path to 
the gas or gas mixture contained in the shell. Also, an index 
matching material may be used to Select a pre-determined 
emission wavelength, i.e., providing a bandpass filter. 
The size and shape of the socket 30 influence the perfor 

mance and characteristics of the light-emitting panel and are 
Selected to optimize the panel's efficiency of operation. In 
addition, Socket geometry may be Selected based on the 
shape and size of the micro-component to optimize the 
Surface contact between the micro-component and the 
Socket and/or to ensure connectivity of the micro-component 
and any electrodes disposed within the Socket. Further, the 
Size and shape of the Sockets 30 may be chosen to optimize 
photon generation and provide increased luminosity and 
radiation transport efficiency. For example, the size and 
shape may be chosen to provide a field of view with an angle 
that can be made wider or narrower as needed for a specific 
application. That is to Say, the cavity may be sized, for 
example, So that its depth Subsumes a micro-component 
deposited in a Socket, or it may be made shallow So that a 
micro-component is only partially disposed within a Socket. 
Alternatively, in another embodiment of the present 
invention, the field of view may be set to a specific angle by 
disposing on the Second Substrate at least one optical lens. 
The lens may cover the entire Second Substrate or, in the case 
of multiple optical lenses, arranged So as to correspond with 
each Socket. In another embodiment, the optical lens or 
optical lenses are configurable to adjust the field of view of 
the light-emitting panel. 
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In an embodiment for a method of making a light-emitting 
panel including a plurality of Sockets, a cavity is formed, or 
patterned, in a substrate 10 to create a basic socket 30, such 
as illustrated in FIG. 1. The cavity may be formed in any 
Suitable shape and size by any combination of physically, 
mechanically, thermally, electrically, optically, or chemi 
cally deforming the Substrate. Disposed proximate to, and/or 
in, each Socket 30 may be a variety of enhancement mate 
rials 325, as shown in FIG. 3a. The enhancement materials 
325 include, but are not limited to, anti-glare coatings, touch 
Sensitive Surfaces, contrast enhancement (black mask) 
coatings, protective coatings, transistors, integrated-circuits, 
Semiconductor devices, inductors, capacitors, resistors, con 
trol electronics, drive electronics, diodes, pulse-forming 
networks, pulse compressors, pulse transformers, and tuned 
circuits. 

Still referring to FIG. 3a, a socket 30 is formed by 
stacking a plurality of material layers 60a-d to form the first 
Substrate, disposing at least one electrode either directly on 
the top of the first Substrate, within the material layers or any 
combination thereof, and Selectively removing a portion of 
the material layers 60a-d to create a cavity. The material 
layerS 60a-d include any combination, in whole or in part, 
of dielectric materials, metals, and enhancement materials 
325, as discussed above. The placement of the material 
layerS 60 may be accomplished by any transfer process, 
photolithography, Sputtering, laser deposition, chemical 
deposition, vapor deposition, Xerographic-type processes, 
plasma deposition, or deposition using inkjet technology. 
One of general skill in the art will recognize other appro 
priate methods of disposing a plurality of material layers on 
a Substrate. The Socket 30 may be formed in the combination 
of layers 60a-d using any of a variety of methods on the 
layers, either individually or combined, including, but not 
limited to, wet or dry etching, photolithography, laser heat 
treatment, thermal form, mechanical punch, embossing, 
Stamping-out, drilling, electroforming or by dimpling. 

Using FIG. 5 to illustrate, in an alternate method of 
forming a socket 30, a cavity 55 is formed in a first substrate 
10, then a plurality of material layers 65a,b is disposed over 
the first substrate 10 so that the material layers 65a,b 
conform to the cavity 55. At least one electrode is formed on 
the first substrate 10, within the material layers 65, or any 
combination thereof. In the example of FIG. 5, electrode 80 
is formed on the first Substrate, while electrodes 70 and 75 
are disposed within the layers. The cavity may be formed in 
any Suitable shape and size by any combination of 
physically, mechanically, thermally, electrically, optically, or 
chemically deforming the Substrate. The material layers 
65a,b include any combination, in whole or in part, of 
dielectric materials, metals, and enhancement materials 325, 
as described previously. The placement of the material 
layerS 65a,b may be accomplished by any transfer process, 
photolithography, Sputtering, laser deposition, chemical 
deposition, vapor deposition, Xerographic-type processes, 
plasma deposition, coating with a liquid or deposition using 
ink jet technology. One of general skill in the art will 
recognize other appropriate methods of disposing a plurality 
of material layers on a Substrate. 

In yet another alternative method of forming a Socket, at 
least one electrode is disposed on the first Substrate, within 
the material layers, or any combination thereof. Each of the 
material layers includes a preformed aperture that extends 
through the entire material layer. The apertures may be of the 
Same size or may be of different sizes, e.g., they may be 
graduated in size to create the Socket with a tapered or 
curved profile. The plurality of material layers are Sequen 
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tially disposed on top of the first Substrate with the apertures 
in alignment thereby forming a cavity. The material layers 
include any combination, in whole or in part, of dielectric 
materials, metals, and enhancement materials, as described 
previously. The placement of the material layerS may be 
accomplished by any transfer process, photolithography, 
Sputtering, laser deposition, chemical deposition, Vapor 
deposition, Xerographic-type processes, plasma deposition, 
or deposition using inkjet technology. One of general Skill 
in the art will recognize other appropriate methods of 
disposing a plurality of material layers on a Substrate. 

In the above-described methods of making a Socket in a 
light-emitting panel, disposed in, or proximate to, each 
Socket may be at least one enhancement material. AS Stated 
above the enhancement material 325 may include, but is not 
limited to, anti-glare coatings, touch Sensitive Surfaces, 
contrast enhancement (black mask) coatings, protective 
coatings, transistors, integrated-circuits, Semiconductor 
devices, inductors, capacitors, resistors, control electronics, 
drive electronics, diodes, pulse-forming networks, pulse 
compressors, pulse transformers, and tuned-circuits. In a 
preferred embodiment of the present invention, the enhance 
ment materials may be disposed in, or proximate to each 
Socket by any transfer process, photolithography, Sputtering, 
laser deposition, chemical deposition, Vapor deposition, 
Xerographic-type processes, plasma deposition, deposition 
using inkjet technology, or mechanical means. In another 
embodiment of the present invention, a method for making 
a light-emitting panel includes disposing at least one elec 
trical enhancement (e.g. the transistors, integrated-circuits, 
Semiconductor devices, inductors, capacitors, resistors, con 
trol electronics, drive electronics, diodes, pulse-forming 
networks, pulse compressors, pulse transformers, and tuned 
circuits), in, or proximate to, each Socket by Suspending the 
at least one electrical enhancement in a liquid and flowing 
the liquid across the first Substrate. AS the liquid flows acroSS 
the Substrate the at least one electrical enhancement will 
Settle in each Socket. It is contemplated that other Substances 
or means may be use to move the electrical enhancements 
acroSS the Substrate. One Such means may include, but is not 
limited to, using air to move the electrical enhancements 
acroSS the Substrate. In another embodiment of the present 
invention the Socket is of a corresponding shape to the at 
least one electrical enhancement Such that the at least one 
electrical enhancement Self-aligns with the Socket. 
The electrical enhancements may be used in a light 

emitting panel for a number of purposes including, but not 
limited to, lowering the ionization potential of the plasma 
forming gas in a micro-component, lowering the Voltage 
required to Sustain/erase the ionization charge in a micro 
component, increasing the luminosity and/or radiation trans 
port efficiency of a micro-component, and augmenting the 
frequency at which a micro-component is activated or 
illuminated. In addition, the electrical enhancements may be 
used in conjunction with the light-emitting panel driving 
circuitry to alter the power requirements necessary to drive 
the light-emitting panel. For example, a tuned-circuit may be 
used in conjunction with the driving circuitry to allow a DC 
power Source to power an AC-type light-emitting panel. In 
an embodiment of the present invention, a controller is 
provided that is connected to the electrical enhancements 
and capable of controlling their operation. Having the ability 
to individually control the electrical enhancements at each 
pixel/Subpixel provides a means by which the characteristics 
of individual micro-components may be altered/corrected 
after fabrication of the light-emitting panel. These charac 
teristics include, but are not limited to, luminosity and the 
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frequency at which a micro-component is lit. One skilled in 
the art will recognize other uses for electrical enhancements 
disposed in, or proximate to, each Socket in a light-emitting 
panel. 

The electrical potential necessary to energize a micro 
component 40 is Supplied via at least two electrodes. In a 
general configuration, the light-emitting panel includes a 
plurality of electrodes, wherein at least two electrodes are 
adhered to either the first Substrate or the second Substrate, 
or at least one electrode is adhered to each of the first 
Substrate and the Second Substrate and wherein the elec 
trodes are arranged So that Voltage applied to the electrodes 
causes one or more micro-components to emit radiation. In 
another general configuration, a light-emitting panel 
includes a plurality of electrodes, wherein at least two 
electrodes are arranged So that Voltage Supplied to the 
electrodes causes one or more micro-components to emit 
radiation throughout the field of view of the light-emitting 
panel without crossing either of the electrodes. 

In an embodiment where the Sockets 30 are patterned on 
the first Substrate 10 So that the Sockets are formed in the first 
Substrate, at least two electrodes may be disposed on the first 
substrate 10, the second substrate 20, or any combination 
thereof. In the exemplary embodiment shown in FIG. 1, a 
sustain electrode 70 is disposed on or within the second 
substrate 20 and an address electrode 80 is disposed on or 
within the first Substrate 10. As illustrated, address electrode 
80 is positioned in the first Substrate 10 So that it is at least 
partly disposed within the Socket. 

Methods for distributing the micro-components into the 
Sockets include dispensing the micro-components using a 
placement tool, an inkjet-type printer, or a gravity-fed drop 
tower which is aligned with the Sockets in the Substrate. 
Alternatively, the Substrate may be passed through one or 
more vibratory, e.g., ultrasonic, Shaker baths containing an 
excess plurality of micro-components, i.e., a much larger 
number of micro-components than are needed to fill the 
available positions on the Substrate. Such shakers are well 
known in the art and may include orbital shakers and other 
Vibratory movements. The Shaking causes the micro 
components to be dispersed acroSS the Surface of the Sub 
Strate So that a micro-component is disposed within each of 
the Sockets. A further discussion of different methods for 
placement of the plurality of micro-components is provided 
in the aforementioned co-pending application Ser. No. 
10/214,769. 

In an embodiment of the light emitting panel where the 
first Substrate 10 includes a plurality of material layers 60 
and the sockets 30 are formed within the material layers, at 
least two electrodes may be disposed on the first Substrate 
10, disposed within the material layers 60, disposed on the 
Second Substrate 20, or any combination thereof. In one 
embodiment, as shown in FIG. 2a, a first address electrode 
80 is disposed within the material layers 60, a first Sustain 
electrode 70 is disposed within the material layers 60, and a 
second sustain electrode 75 is disposed within the material 
layers 60, such that the first Sustain electrode and the second 
Sustain electrode are in a co-planar configuration. FIG.2b is 
a cut-away of FIG. 2a Showing the arrangement of the 
co-planar Sustain electrodes 70 and 75. In another 
embodiment, as shown in FIG. 3a, a first Sustain electrode 
70 is disposed on the first Substrate 10, a first address 
electrode 80 is disposed within the material layers 60, and a 
second sustain electrode 75 is disposed within the material 
layers 60, such that the first address electrode is located 
between the first Sustain electrode and the Second Sustain 
electrode in a mid-plane configuration. FIG.3b is a cut-away 
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of FIG.3a showing the first Sustain electrode 70. As seen in 
FIG. 4, in a preferred embodiment of the light emitting 
panel, a first Sustain electrode 70 is disposed within the 
material layers 60, a first address electrode 80 is disposed 
within the material layers 60, a second address electrode 85 
is disposed within the material layerS 60, and a Second 
sustain electrode 75 is disposed within the material layers 
60, Such that the first address electrode and the second 
address electrode are located between the first Sustain elec 
trode and the Second Sustain electrode. 

In an embodiment where a cavity 55 is patterned on the 
first substrate 10 and a plurality of material layers 65 are 
disposed on the first Substrate 10 so that the material layers 
conform to the cavity 55, at least two electrodes may be 
disposed on the first Substrate 10, at least partially disposed 
within the material layers 65, disposed on the second Sub 
Strate 20, or any combination thereof. In one embodiment, as 
shown in FIG. 5, a first address electrode 80 is disposed on 
the first Substrate 10, a first Sustain electrode 70 is disposed 
within the material layerS 65, and a Second Sustain electrode 
75 is disposed within the material layers 65, such that the 
first Sustain electrode and the Second Sustain electrode are in 
a co-planar configuration. In another embodiment, as shown 
in FIG. 6, a first Sustain electrode 70 is disposed on the first 
substrate 10, a first address electrode 80 is disposed within 
the material layers 65, and a second sustain electrode 75 is 
disposed within the material layers 65, such that the first 
address electrode is located between the first Sustain elec 
trode and the Second Sustain electrode in a mid-plane 
configuration. AS Seen in FIG. 7, in a preferred embodiment 
of the present invention, a first Sustain electrode 70 is 
disposed on the first substrate 10, a first address electrode 80 
is disposed within the material layers 65, a second address 
electrode 85 is disposed within the material layers 65, and a 
second Sustain electrode 75 is disposed within the material 
layers 65, such that the first address electrode and the second 
address electrode are located between the first Sustain elec 
trode and the Second Sustain electrode. 

In an embodiment where a plurality of material layers 66 
with aligned apertures 56 are disposed on a first substrate 10 
thereby creating the cavities 55, at least two electrodes may 
be disposed on the first substrate 10, at least partially 
disposed within the material layers 65, disposed on the 
Second Substrate 20, or any combination thereof. In one 
embodiment, as shown in FIG. 11, a first address electrode 
80 is disposed on the first Substrate 10, a first Sustain 
electrode 70 is disposed within the material layers 66, and a 
second Sustain electrode 75 is disposed within the material 
layerS 66, Such that the first Sustain electrode and the Second 
Sustain electrode are in a co-planar configuration. In another 
embodiment, as shown in FIG. 12, a first Sustain electrode 
70 is disposed on the first Substrate 10, a first address 
electrode 80 is disposed within the material layers 66, and a 
second Sustain electrode 75 is disposed within the material 
layers 66, such that the first address electrode is located 
between the first Sustain electrode and the Second Sustain 
electrode in a mid-plane configuration. AS Seen in FIG. 13, 
in a preferred embodiment of the light emitting panel, a first 
sustain electrode 70 is disposed on the first Substrate 10, a 
first address electrode 80 is disposed within the material 
layers 66, a second address electrode 85 is disposed within 
the material layers 66, and a second sustain electrode 75 is 
disposed within the material layers 66, such that the first 
address electrode and the Second address electrode are 
located between the first Sustain electrode and the Second 
Sustain electrode. 
The Specification, above, has described, among other 

things, various components of a light-emitting panel and 
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methodologies to make those components and to make a 
light-emitting panel. In an embodiment of the present 
invention, it is contemplated that those components may be 
manufactured and those methods for making may be accom 
plished as part of web fabrication process for manufacturing 
light-emitting panels. In another embodiment of the present 
invention, a web fabrication process for manufacturing 
light-emitting panels includes the Steps of providing a first 
Substrate, disposing micro-components on the first Substrate, 
disposing a Second Substrate on the first Substrate So that the 
micro-components are Sandwiched between the first and 
Second Substrates, and dicing the first and Second Substrate 
“sandwich' to form individual light-emitting panels. In 
another embodiment, the first and Second Substrates are 
provided as rolls of material. A plurality of Sockets may 
either be preformed on the first substrate or may be formed 
in and/or on the first substrate as part of the web fabrication 
process. Likewise, the first and Second Substrates may be 
pre-formed So that the first Substrate, the Second Substrate or 
both Substrates include a plurality of electrodes. 
Alternatively, a plurality of electrodes may be disposed on 
or within the first Substrate, on or within the second 
Substrate, or on and within both the first Substrate and second 
substrate as part of the web fabrication process. It should be 
noted that where Suitable, fabrication Steps may be per 
formed in any order. It should also be noted that the 
micro-components may be preformed or may be formed as 
part of the web fabrication process. In another embodiment, 
the web fabrication proceSS is performed as a continuous 
high-Speed inline process with the ability to manufacture 
light-emitting panels at a rate faster than light-emitting 
panels manufactured as part of batch process. 
As illustrated in FIGS. 8 and 9, in an embodiment of the 

present invention, the web fabrication process includes the 
following process Steps: First, a micro-component forming 
process 800 is performed to create the micro-component 
shells 50 and fill the micro-components with plasma 
forming gas 45. A micro-component coating process 810 
follows in which the micro-components are coated with 
phosphor 300 or any other Suitable coatings, producing a 
plurality of coated and filled micro-components 400. In a 
preferred embodiment, coating of the micro-components is 
achieved by immersing the micro-components in a slurry of 
phosphor particles, allowing the phosphor particles to 
adhere to the outer Surface. Afterwards, the micro 
components are processed through a curing Step to remove 
the Solvents that were used to create the slurry. A circuit and 
electrode printing proceSS 820 prints at least one electrode 
and any needed driving and control circuitry on a first 
substrate 420. Patterning process 840 is performed to create 
a plurality of cavities on a first Substrate to provide a 
plurality of sockets 430. Generally, this step involves apply 
ing pressure and possibly heat to deform the Substrate 
material and create a plurality of dimples in the Substrate. 
Micro-component placement process 850 places at least one 
coated and filled micro-component 400 in each socket 430, 
resulting in a first Substrate assembly 440 comprising micro 
components 400 in sockets 430 on the first Substrate 10. If 
required, an electrode printing proceSS 860 prints at least one 
electrode on a second flexible substrate 20 to produce a 
Second Substrate with electrodes 410. Second Substrate 
application and alignment process 870 aligns the Second 
substrate 410 over the first substrate assembly 440 so that the 
micro-components are Sandwiched between the first Sub 
strate and the second substrate as assembly 450. Panel dicing 
process 880 cuts through the assembly 450 to yield indi 
vidual light-emitting panels 460. 
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The process flow for an alternate embodiment of the web 

fabrication method is illustrated in FIG. 10. AS in the 
previously-described embodiment, the first Substrate is a 
flexible dielectric material, which in step 200 is fed from a 
payout reel, to which a plurality of micro-components is 
applied, either by aligned placement with Sockets (dimples) 
and/or adhesive spots formed in?on the first Substrate, or by 
passing the first Substrate with adhesive spots through a 
Shaker bath filled with micro-components, as discussed 
above. 
According to the exemplary proceSS flow, electrodes and 

other circuitry are printed on the flexible Substrate (Step 
202), typically using an ink-jet process, then Sockets are 
formed (204). It should be noted that these steps may be 
performed in reverse order, i.e., the Sockets may be formed 
prior to patterning the electrodes. Conductive adhesive is 
applied to the Sockets (206) using an inkjet-type printer. 
Alternatively, if may be possible to combine steps 204 and 
206 by injecting adhesive through the tool used to create the 
dimple in the Substrate material. 

Micro-components, which were separately formed in Step 
208 are placed in the Sockets using an appropriate method as 
described in the afore-mentioned co-pending application 
Ser. No. 10/214,769. As previously described, the micro 
components are typically coated with a phosphor material 
for Visible light emission. In an exemplary embodiment of 
micro-component forming proceSS Step 208, the micro 
components are coated with phosphor by immersing the 
micro-components in a bath containing a slurry of phosphor 
particles So that the particles adhere to the micro-component 
Surface. The micro-components are then removed from the 
Slurry and Subjected to a curing process, e.g., a furnace, oven 
or other heat Source, to remove any Solvents that were used 
to form the Slurry, leaving a Solid phosphor coating on the 
micro-component Surface. 

In step 212, the adhesive material that holds the micro 
component in place is cured by applying heat for a pre 
determined time (based upon the manufacturers 
recommendations), or at room temperature for a longer time 
(again, based on the manufacturer's specifications), intro 
ducing pressurized gas or other known adhesive curing 
method, then, the dielectric film is applied in liquid form by 
coating the Substrate with a liquid dielectric material (Step 
214). The liquid dielectric material may be a polyimide (e.g., 
Kapton(R), or other polymeric materials. 

Application of liquid dielectric uses known techniques of 
web coating using web coating Systems Such as those 
commercially available from Rolltronics (Menlo Park, 
Calif.), Sheldahl, Inc. (Northfield, Minn.), Frontier Indus 
trial Technology, Inc. (Towanda, Pa.) and Applied Films 
Corp. (Longmont, Colo.), among others. An exemplary 
coating System comprises a web-handling machine mounted 
inside a large vacuum chamber. The machine unwinds a web 
from a payoff reel, wraps it over a drum, which may be 
temperature-controlled to assist in film formation, and winds 
it onto a take-up reel. Each reel is driven indirectly via chain 
drive and a DC motor, allowing better control of web speed 
while developing a higher tension than would be possible 
with a motor and gear reduction box. The Signal from an 
optical encoder is delivered to a process controller for Speed 
control of one motor, and a measurement of the length 
unwound. The other motor is operated in regenerative mode 
to develop holdback tension. An exemplary deposition pro 
ceSS for a coating Stack of films comprises positioning the 
drum over a first deposition device, e.g., Sprayer or evapo 
rator. A fixed length of web is unwound in the first pass to 
deposit the first film. Then the motor direction is reversed, 



US 6,764,367 B2 
15 

and a Second film is deposited in a Second pass. Next the 
drum may be moved Sideways to position it over a Second 
deposition device, which may be, e.g., a Sprayer, evaporator, 
or inkjet head. The web direction is reversed a third time 
and the third coating is deposited in a single pass. In each 
case, web speed is determined according to the desired 
coating thickneSS and deposition rate. An alternative con 
figuration includes one or more accumulators disposed 
between the payoff and take-up reels which allows Sections 
of the web to dwell in certain Stations along the processing 
line, for example, for deposition or curing a film for an 
extended period of time, without requiring all other Steps in 
the process to pause or interfering with the tension of the 
web 

The dielectric film may be applied as a thin film using 
chemical vapor deposition (CVD), plasma CVD, or other 
Vapor deposition methods, Sputtering, or may be applied as 
a liquid “paint'. Such as one of the roll coat methods used in 
the coating of magnetic recording media. See, e.g., U.S. Pat. 
No. 6,322,010, the disclosure of which is incorporated 
herein by reference in its entirety. In the preferred 
embodiment, a liquid process is used to create a film on the 
order of 100 microns with relatively tight tolerances across 
the film, e.g., +1%. The viscosity of the dielectric material 
in its liquid form is Selected to ensure complete wetting of 
the Surfaces of the micro-components to the extent that the 
micro-components should be covered, and to ensure unifor 
mity of the film thickness. The key parameter to be observed 
in formation of the dielectric film is the uniformity of the 
dielectric properties So that the Surface flashover (voltage 
breakdown that occurs on or above the Surface of an 
insulator) and bulk dielectric breakdown characteristics are 
tightly controlled to minimize the possibility of arcing or 
Voltage breakdown acroSS any dielectric discontinuities 
when Voltage is applied to electrodes corresponding to a 
given micro-component. A typical good dielectric material 
has a breakdown voltage in the range of 500 to 5000 volts 
per mil (about 200 to 2000 kV/cm) in the bulk, with a 
preferred range of 1000 volts per mil (400kV/cm) or higher. 
The surface flashover field strength should also be in the 
range of 1000 volts per mil (400 kV/cm). This will be 
achieved partially through material Selection and principally 
with the application of a thin coating, Such as a resin or 
epoxy, to the Surfaces of the electrodes and micro 
component. This coating inhibits electron flow over the 
Surface between the electrodes thereby raising its flashover 
Voltage. In addition, a good loSS tangent for the dielectric 
material, typically in the range of 0.01 to 0.1, at 100 kHz to 
1 MHZ is preferred. An exemplary range for dielectric 
constant in this frequency range is 3.5 to 5. 

Wetting can be enhanced by the inclusion of Surfactants in 
the liquid dielectric material to manage the Surface energy of 
the liquid. Alternatively, or in addition, Surfactants may also 
be applied to the Outer Surface of the micro-components to 
facilitate complete wetting. Obtaining a uniform thickneSS 
of the dielectric film can be further facilitated by use of a 
Scraper or knife edge which is precisely positioned over the 
drum to remove any exceSS thickness as the web material 
leaves the drum. 

Viscosity and Surface tension of the liquid dielectric may 
also be controlled to produce a positive, neutral, or negative 
meniscus around each micro-component. In one 
embodiment, a negative meniscus results in a Surface 
depression abutting the micro-component 
The dielectric material is then cured (step 216) to form a 

uniform film at least partially covering the micro 
components, embedding them in place within the combina 
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tion of the first substrate and the dielectric layer formed 
using the liquid dielectric. Curing is typically achieved by 
passing the web material through a heated chamber Set to a 
temperature appropriate for curing the dielectric film. AS the 
liquid dielectric is typically a commercially-available 
product, the temperature and duration of the curing Step will 
be based upon the manufacturer's recommendations for the 
Selected liquid material. AS will be apparent to those of Skill 
in the art, Some variation of the recommended curing 
conditions may be incorporated for compatibility with the 
particular web manufacturing equipment or process that is 
being used. The portion of web material to be cured may be 
paused or slowed by the use of an accumulator, or the heated 
chamber may have a length designed to provide a Sufficient 
duration within the chamber while the web material moves 
at a predetermined Speed, or a combination of the two. 

In the preferred embodiment, a portion of the micro 
component is left exposed after curing of the dielectric film. 
Considering the embodiment of FIG. 5 as an example, the 
first application of liquid dielectric resulted in a dielectric 
layer 65a that covers just under one-half the height of the 
micro-component 50. 

Electrodes are formed by applying a conductive liquid to 
the upper surface of the second substrate (step 218). The 
electrodes may be patterned using known lithographic 
techniques, e.g., conductive film deposition over the entire 
area, photoresist deposition, masked exposure and develop 
ment followed by etching, or by printing, e.g., ink-jet 
printing, or by using liquids that are Selectively drawn to the 
desired locations using one or a combination of character 
istics of the liquid including Surface tension, Viscosity, 
thickness and electrical conductivity. In the preferred 
embodiment, a conductive ink is applied using an ink-jet 
printing technique. The ink contains copper, indium oxide, 
Silver, or other conductive material carried in an epoxy or 
epoxy-like material. Appropriate conductive inks are com 
mercially available and will have electrical conductivity in 
the range of 1250 mhos/cm or higher. After printing, the 
conductive ink is cured based on the manufacturer's recom 
mendations (step 220). 

In an alternate embodiment, the characteristics of the 
liquid dielectric material from which the dielectric layer is 
formed can be Selected to create a shallow trough or depres 
Sion connecting the micro-components in a line, e.g., a 
negative meniscus is formed upon deposition or a Small 
amount of Shrinkage can occur during curing to create the 
depression. The conductive liquid used to form the elec 
trodes is Selected with a Viscosity and thickness Such that it 
will be drawn into the depressions to fill them, thus creating 
a conductive line running between the micro-components. It 
is important, however, that the conductive film not Stick to 
the micro-components themselves. Therefore, the liquid 
conductor Should include a component to prevent wetting of 
the micro-component Surface. An additional Step in this 
alternate embodiment can be to Scrape away any exceSS 
conductor from the Surface of the dielectric layer except 
where it has filled the depressions. For example, a Squeegee 
or other Scraper can be used to level the outer Surface of the 
assembly so that the conductor is flush with the outer surface 
of the dielectric layer. After deposition of the conductive 
film, an appropriate curing Step is performed, generally 
according to Specifications provided by the material manu 
facturer. 

If an unpatterned conductive film has been deposited, i.e., 
a Solid layer of conductive film is produced, the film can be 
patterned using conventional photolithographic methods in 
which a photoresist layer is formed on top of the conductive 
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film, the photoresist is exposed through a mask bearing the 
desired electrode pattern, the photoresist is developed So that 
the desired electrode pattern remains, the conductor is 
Selectively etched away using chemical or plasma etching, 
and the remaining photoresist is then Stripped, leaving 
behind the patterned electrodes. Other forms of patterning 
are known to those of Skill in the art, including e-beam 
Writing or laser ablation. 

In an alternate method for formation of electrodes using 
photolithographic methods, after formation of a conductive 
layer, a coating of photoSensitive material, e.g., photoresist, 
is deposited on top of the conductive layer. A contact mask 
is provided which is formed from a flexible optical 
waveguide having a wide Surface area which coverS all or a 
Significant area of a Section of the web material. An exem 
plary waveguide device is described in U.S. Pat. No. 6,091, 
874, which is incorporated herein by reference in its entirety. 
The waveguide material is patterned So that the index of 
refraction of its cladding is Selectively increased So that it 
“leaks” at positions corresponding to the desired locations of 
the electrodes to be defined. Light, typically from a laser 
light Source or a high intensity lamp, of an appropriate 
wavelength for exposure of the photoresist is coupled into 
the waveguide using conventional coupling means. The 
flexible waveguide is aligned with the underlying pattern 
over the area of photoresist-coated conductive layer on 
which the pattern is to be formed. The photoresist is then 
exposed by the light emitted from the selective leaks in the 
waveguide. After the photoresist is cured and the unexposed 
resist is removed, the conductive material is Selectively 
etched to form the electrodes at the desired locations. 

In embodiments of the device in which multiple layers of 
conductors are required, See, e.g., the embodiments of FIGS. 
5–7, after curing and, if required, patterning, the conductive 
film to form the electrodes, another deposition of liquid 
dielectric is performed as described above by passing the 
web material through the liquid dielectric deposition pro 
ceSS. After formation of a Second dielectric layer, another 
Step is performed to create additional electrodes. Referring 
to FIG. 7 to illustrate, dielectric layers 65a, 65b and 65c 
alternate with second address electrode 85, first address 
electrode 80 and first Sustain electrode 70, respectively, such 
that the web manufacturing process includes three Separate 
Steps for depositing liquid dielectric to form the dielectric 
layerS and three Separate Steps for depositing a conductive 
liquid to form the electrodes. 

After formation of the final (uppermost) electrodes, a 
protective layer, e.g., layer 20 in FIG. 7, is applied, either 
using a liquid dielectric uniformly coated over the assembly, 
or a flexible sheet material laminated over the top of the 
light-emitting panel assembly. If a liquid is used, the assem 
bly must again be processed through the appropriate curing 
Step (224). Then, the panels are cut to the desired size in the 
dicing step (226). 

In one embodiment, prior to applying the top layer in Step 
222, an optional contrast enhancement layer may be 
included in which the micro-components are Surrounded by 
a dark, preferably black, background field. One method for 
applying this black mask layer includes coating the area 
Surrounding the micro-components, i.e., the dielectric layer 
and conductive lines, with a slurry of carbon black particles 
(step 219) or a similar black curable liquid. The coating can 
be applied by uniform application of the slurry to the upper 
Surface of the assembly, then using a Squeegee to remove the 
material from the micro-components. Alternatively, the 
Slurry can be applied using an inkjet-type printer, with the 
printer target being aligned to Selectively apply the Slurry to 
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create a ring or other pattern Surrounding each micro 
component. After deposition of the coating, a curing Step is 
performed to dry the black mask layer by removing Solvents 
used to make the Slurry. In yet another alternative method for 
formation of the black mask layer, after curing of the carbon 
black Slurry, a photolithographic proceSS can be used to 
selectively etch the black film from the surface of the 
micro-components. 

In another alternate embodiment of the web manufactur 
ing process, a hybrid sheet/liquid process is used. AS 
described with regard to the first embodiment of the web 
manufacturing process shown in FIG. 9, a Second Substrate 
is applied as a sheet material, where openings are formed in 
the Second Substrate to correspond to the locations of the 
micro-components. However, in this embodiment, the open 
ings are not as tightly toleranced to fit the micro 
components, but are larger, thus requiring leSS precision in 
the alignment of the openings to the micro-components. 
Then, a liquid dielectric with dielectric characteristics close 
to or matching those of the Second Substrate material is 
applied by an ink-jet process, or may be coated over the 
entire Surface. If coated over the entire Surface, the use of a 
Scraper or Squeegee will assist in forcing the liquid into the 
Spaces between the micro-components and the inside edges 
of the Second Substrate openings. The Viscosity and Surface 
energy of the liquid dielectric material are Selected to wet the 
Surfaces of the micro-components and file any gaps between 
the Second Substrate and the micro-components. After 
curing, a continuous dielectric film Surrounds the micro 
components as in the previous-described embodiments. 

In yet another embodiment, after formation of the pro 
tective layer (step 224) and before dicing, an RF screen is 
formed by depositing a conductive liquid over the entire top 
Surface of the assembly, where the conductive liquid is clear 
or becomes clear when cured. For example, indium-tin 
oxide (ITO) can be used, however, other transparent con 
ductive coatings are known, including transparent gold 
(TPG) and transparent Silver or aluminum-based coatings. It 
may be desirable to coat an additional protective dielectric 
layer over RF Screen, which may be performed using a 
liquid dielectric material followed by curing, or by applying 
a sheet of dielectric materials over the assembly. In addition 
to use as a RF Screen, transparent conductive materials can 
be used in the construction of the light-emitting displayS So 
as to facilitate implementation as a heads-up display for use 
in motor vehicles for purposes of facilitating a driver's 
ability to read displayS without diverting his or her eyes 
away from the road. 

Other embodiments and uses of the present invention will 
be apparent to those skilled in the art from consideration of 
this application and practice of the invention disclosed 
herein. The present description and examples should be 
considered exemplary only, with the true Scope and Spirit of 
the invention being indicated by the following claims. AS 
will be understood by those of ordinary skill in the art, 
variations and modifications of each of the disclosed 
embodiments, including combinations thereof, can be made 
within the scope of this invention as defined by the following 
claims. 
What is claimed is: 
1. A method for manufacturing a light-emitting panel in a 

web configuration comprising: 
(a) providing a first Substrate in a web form, the first 

Substrate having a plurality of first conductors formed 
thereon; 

(b) disposing at least one micro-component of a plurality 
of micro-components at each of a plurality of first 
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locations on the first Substrate corresponding to the 
plurality of conductors, each micro-component adapted 
to emit radiation in response to electrical excitation; 

(c) depositing a liquid dielectric material onto the first 
Substrate to electrically isolate the plurality of micro 
components from each other; 

(d) curing the liquid dielectric material to form a dielectric 
layer; 

(e) depositing a conductive liquid on top of the dielectric 
layer at a plurality of Second locations adapted to 
interact with the first conductors to excite one or more 
Selected micro-components, 

(f) curing the conductive liquid to create a conductive film 
for providing Second conductors, 

(g) applying a top layer over the dielectric layer and the 
Second conductors. 

2. The method of claim 1, wherein the micro-components 
are coated with a phosphor material. 

3. The method of claim 2, wherein the phosphor material 
is applied to the micro-components by immersing the micro 
components in a slurry of phosphor particles, then curing a 
phosphor coating formed on the micro-components. 

4. The method of claim 1, further comprising, prior to Step 
(g), the steps of depositing a liquid black mask layer onto the 
first Substrate and the conductive layer; and 

curing the liquid mask material to form a black mask 
layer. 

5. The method of claim 1, further comprising: 
photolithographically patterning the conductive film to 

form the Second conductors. 
6. The method of claim 5, wherein the step of photolitho 

graphically patterning comprises Selectively exposing a pho 
toSensitive material by contacting the photoSensitive mate 
rial with a leaky optical waveguide. 

7. The method of claim 1, wherein the first Substrate has 
a plurality of dimples formed therein, wherein one dimple is 
formed at each of the plurality of first locations. 

8. The method of claim 7, wherein an adhesive material 
is applied within each of the plurality of dimples for Securing 
the micro-component in the dimple. 

9. The method of claim 1, wherein the step of depositing 
a conductive liquid comprises printing an electrode pattern 
with a conductive ink. 

10. The method of claim 9, wherein the printing com 
prises inkjet printing. 

11. The method of claim 1, wherein the liquid dielectric 
material has a Surface tension adapted to provide a uniform 
thickness across the first Substrate. 

12. The method of claim 1, wherein the liquid dielectric 
material includes a Surfactant. 

13. The method of claim 1, further comprising disposing 
an RF screen over the top layer. 

14. The method of claim 1, further comprising, prior to 
Step (g), repeating steps (c) through (f) at least one time to 
form additional conductors. 

15. A method for forming a flexible light emitting panel 
comprising: 

(a) feeding a first dielectric Substrate material from a 
payout reel in a web coating machine; 

(b) printing a first plurality of electrodes on the first 
dielectric material; 

(c) before or after printing the first plurality of electrodes, 
forming a plurality of Sockets at a plurality of location 
in the first dielectric material; 

(d) disposing at least one micro-component in each Socket 
of the plurality of Sockets, wherein the at least one 
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micro-component is adapted to emit light in response to 
electrical excitation; 

(e) applying a liquid dielectric material over the first 
dielectric material, the first plurality of electrodes, and 
at least a portion of each micro-component of the 
plurality of micro-components, 

(f) curing the liquid dielectric material to form a dielectric 
layer; 

(g) printing a second plurality of electrodes over the 
dielectric layer using a conductive ink; 

(h) curing the conductive ink; 
(i) applying a top layer over the dielectric layer, the 

Second plurality of electrodes and the micro 
components. 

16. The method of claim 15, further comprising the step 
of applying an adhesive material within each of the plurality 
of Sockets for Securing the micro-component in the Socket. 

17. The method of claim 15, wherein step (d) comprises 
using electroStatic sheet transfer to place each micro 
component into an appropriate Socket. 

18. The method of claim 15, wherein step (g) comprises 
inkjet printing. 

19. The method of claim 15, wherein the liquid dielectric 
material has a Surface tension adapted to provide a uniform 
thickness across the first Substrate. 

20. The method of claim 15, wherein the liquid dielectric 
material includes a Surfactant. 

21. The method of claim 15, further comprising disposing 
an RF screen over the top layer. 

22. The method of claim 15, further comprising, prior to 
step (i), repeating steps (e) through (h) at least one time to 
form at least one additional plurality of electrodes. 

23. The method of claim 15, wherein the micro 
components are coated with a phosphor material. 

24. The method of claim 23, wherein the phosphor 
material is applied to the micro-components by immersing 
the micro-components in a slurry of phosphor particles, then 
curing a phosphor coating formed on the micro-components. 

25. The method of claim 15, further comprising, prior to 
Step (i), the Steps of depositing a liquid black mask layer 
onto the first Substrate and the conductive layer; and 

curing the liquid mask material to form a black mask 
layer. 

26. A method for forming a flexible light emitting panel 
comprising: 

(a) feeding a first dielectric Substrate material from a 
payout reel in a web coating machine; 

(b) printing a first plurality of electrodes on the first 
dielectric material; 

(c) before or after printing the first plurality of electrodes, 
forming a plurality of Sockets at a plurality of location 
in the first dielectric material; 

(d) disposing at least one micro-component in each Socket 
of the plurality of Sockets, wherein the at least one 
micro-component is adapted to emit light in response to 
electrical excitation; 

(e) aligning a second sheet material having dielectric 
properties over the first dielectric Substrate material and 
the first plurality of electrodes, wherein the Second 
dielectric sheet material has a plurality of openings 
there through corresponding to the plurality of 
locations, the plurality of openings having diameters 
larger than an outer diameter of the micro-component; 
So that a gap is created between an inner diameter of 
each opening and the outer diameter of each micro 
component, 
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(f) applying a liquid dielectric material over at least a 
portion of the Second sheet material So that the gap 
corresponding to each micro-component is filled, the 
liquid dielectric material having dielectric properties 
adapted for control of electric field and breakdown 
characteristics of the micro-component; 

(g) curing the liquid dielectric material; 
(h) printing a second plurality of electrodes over the 

Second sheet material using a conductive ink; 
(i) curing the conductive ink; 
(j) applying a top layer over the Second sheet material, the 
Second plurality of electrodes and the micro 
components. 

27. The method of claim 26, further comprising the step 
of applying an adhesive material within each of the plurality 
of Sockets for Securing the micro-component in the Socket. 

28. The method of claim 26, wherein step (d) comprises 
using electroStatic sheet transfer to place each micro 
component into an appropriate Socket. 

29. The method of claim 26, wherein step (h) comprises 
inkjet printing. 

1O 

15 

22 
30. The method of claim 26, wherein the liquid dielectric 

material includes a Surfactant. 
31. The method of claim 26, further comprising disposing 

an RF screen over the top layer. 
32. The method of claim 26, further comprising, prior to 

Step (), repeating steps (e) through (i) at least one time to 
form at least one additional plurality of electrodes. 

33. The method of claim 26, wherein the micro 
components are coated with a phosphor material. 

34. The method of claim 33, wherein the phosphor 
material is applied to the micro-components by immersing 
the micro-components in a slurry of phosphor particles, then 
curing a phosphor coating formed on the micro-components. 

35. The method of claim 26, further comprising, prior to 
Step (), the Steps of depositing a liquid black mask layer 
onto the first Substrate and the conductive layer; and 

curing the liquid mask material to form a black mask 
layer. 
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USE OF PRINTING AND OTHER 
TECHNOLOGY FOR MICRO-COMPONENT 

PLACEMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of co-pending 
application Ser. No. 09/697,344, filed Oct. 27, 2000, now 
U.S. Pat. No. 6,612,889, entitled Method for Making A 
Light-Emitting Panel, and is related to the following 
co-owned, co-pending applications: Ser. No. 09/697,358, 
filed Oct. 27, 2000, entitled: Micro-Component for Use in a 
Light-Emitting panel; Ser. No. 09/697,498, filed Oct. 27, 
2000, now U.S. Pat. No. 6,620,012 entitled: Method for 
Testing a Light-Emitting Panel and the Components 
Therein; Ser. No. 09/697,345, filed Oct. 27, 2000, now U.S. 
Pat. No. 6,570,335 entitled: Method and System for Ener 
gizing a Micro-component In a Light-Emitting Panel; Ser. 
No. 09/697,346, filed Oct. 27, 2000, now U.S. Pat. No. 
6,545,422 entitled: Socket for Use with a Micro-component 
in a Light-Emitting Panel; Ser. No. 10/214,740, entitled 
Liquid Manufacturing processes for Panel Layer Fabrication 
filed herewith; Ser. No. 10/214,716, entitled Method of 
On-Line Testing of a Light-Emitting Panel filed herewith; 
Ser. No. 10/214,764, entitled Method and Apparatus for 
Addressing Micro-components in a Plasma Display Panel 
filed herewith; and Ser. No. 10/214,768, entitled Design, 
Fabrication, Conditioning, and Testing of Micro 
Components for Use in a Light-Emitting Panel filed here 
with. Each of the above-identified applications is incorpo 
rated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention is related to a light-emitting panel 

and methods of fabricating the same. The present invention 
further relates to a web fabrication process for manufactur 
ing a light-emitting panel. 

2. Description of Related Art 
In a typical plasma display, a gas or mixture of gases is 

enclosed between Orthogonally crossed and Spaced conduc 
tors. The crossed conductorS define a matrix of croSS over 
points, arranged as an array of miniature picture elements 
(pixels), which provide light. At any given pixel, the 
orthogonally crossed and Spaced conductors function as 
opposed plates of a capacitor, with the enclosed gas Serving 
as a dielectric. When a Sufficiently large Voltage is applied, 
the gas at the pixel breaks down creating free electrons that 
are drawn to the positive conductor and positively charged 
gas ions that are drawn to the negatively charged conductor. 
These free electrons and positively charged gas ions collide 
with other gas atoms causing an avalanche effect creating 
Still more free electrons and positively charged ions, thereby 
creating plasma. The Voltage level at which this ionization 
occurs is called the write Voltage. 
Upon application of a write Voltage, the gas at the pixel 

ionizes and emits light only briefly as free charges formed by 
the ionization migrate to the insulating dielectric walls of the 
cell where these charges produce an opposing Voltage to the 
applied Voltage and thereby extinguish the ionization. Once 
a pixel has been written, a continuous Sequence of light 
emissions can be produced by an alternating Sustain Voltage. 
The amplitude of the Sustain waveform can be less than the 
amplitude of the write Voltage, because the wall charges that 
remain from the preceding write or Sustain operation pro 
duce a Voltage that adds to the Voltage of the Succeeding 
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Sustain waveform applied in the reverse polarity to produce 
the ionizing Voltage. Mathematically, the idea can be set out 
as V=V-V, where V is the Sustain Voltage, V is the 
write voltage, and V is the wall voltage. Accordingly, a 
previously unwritten (or erased) pixel cannot be ionized by 
the Sustain waveform alone. An erase operation can be 
thought of as a write operation that proceeds only far enough 
to allow the previously charged cell walls to discharge; it is 
Similar to the write operation except for timing and ampli 
tude. 

Typically, there are two different arrangements of con 
ductors that are used to perform the write, erase, and Sustain 
operations. The one common element throughout the 
arrangements is that the Sustain and the address electrodes 
are spaced apart with the plasma-forming gas in between. 
Thus, at least one of the address or Sustain electrodes is 
located within the path the radiation travels, when the 
plasma-forming gas ionizes, as it exits the plasma display. 
Consequently, transparent or Semi-transparent conductive 
materials must be used, Such as indium tin oxide (ITO), So 
that the electrodes do not interfere with the displayed image 
from the plasma display. Using ITO, however, has Several 
disadvantages, for example, ITO is expensive and adds 
Significant cost to the manufacturing process and ultimately 
the final plasma display. 
The first arrangement uses two orthogonally crossed 

conductors, one addressing conductor and one Sustaining 
conductor. In a gas panel of this type, the Sustain waveform 
is applied acroSS all the addressing conductors and Sustain 
conductors So that the gas panel maintains a previously 
written pattern of light emitting pixels. For a conventional 
Write operation, a Suitable write Voltage pulse is added to the 
Sustain Voltage waveform So that the combination of the 
write pulse and the Sustain pulse produces ionization. In 
order to write an individual pixel independently, each of the 
addressing and Sustain conductorS has an individual Selec 
tion circuit. Thus, applying a Sustain waveform acroSS all the 
addressing and Sustain conductors, but applying a write 
pulse acroSS only one addressing and one Sustain conductor 
will produce a write operation in only the one pixel at the 
interSection of the Selected addressing and Sustain conduc 
torS. 

The Second arrangement uses three conductors. In panels 
of this type, called coplanar Sustaining panels, each pixel is 
formed at the interSection of three conductors, one address 
ing conductor and two parallel Sustaining conductors. In this 
arrangement, the addressing conductor orthogonally crosses 
the two parallel Sustaining conductors. With this type of 
panel, the Sustain function is performed between the two 
parallel Sustaining conductors and the addressing is done by 
the generation of discharges between the addressing con 
ductor and one of the two parallel Sustaining conductors. 
The Sustaining conductors are of two types, addressing 

Sustaining conductors and Solely Sustaining conductors. The 
function of the addressing-Sustaining conductorS is twofold: 
to achieve a Sustaining discharge in cooperation with the 
Solely Sustaining conductors, and to fulfill an addressing 
role. Consequently, the addressing-Sustaining conductors are 
individually Selectable So that an addressing waveform may 
be applied to any one or more addressing-Sustaining con 
ductors. The Solely Sustaining conductors, on the other hand, 
are typically connected in Such a way that a Sustaining 
waveform can be simultaneously applied to all of the Solely 
Sustaining conductors So that they can be carried to the same 
potential in the same instant. 
Numerous types of plasma panel display devices have 

been constructed with a variety of methods for enclosing a 
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plasma forming gas between Sets of electrodes. In one type 
of plasma display panel, parallel plates of glass with wire 
electrodes on the Surfaces thereof are spaced uniformly apart 
and Sealed together at the outer edges with the plasma 
forming gas filling the cavity formed between the parallel 
plates. Although widely used, this type of open display 
Structure has various disadvantages. The Sealing of the outer 
edges of the parallel plates and the introduction of the 
plasma forming gas are both expensive and time-consuming 
processes, resulting in a costly end product. In addition, it is 
particularly difficult to achieve a good Seal at the Sites where 
the electrodes are fed through the ends of the parallel plates. 
This can result in gas leakage and a shortened product 
lifecycle. Another disadvantage is that individual pixels are 
not segregated within the parallel plates. As a result, gas 
ionization activity in a Selected pixel during a write opera 
tion may spill over to adjacent pixels, thereby raising the 
undesirable prospect of possibly igniting adjacent pixels. 
Even if adjacent pixels are not ignited, the ionization activity 
can change the turn-on and turn-off characteristics of the 
nearby pixels. 

In another type of known plasma display, individual 
pixels are mechanically isolated either by forming trenches 
in one of the parallel plates or by adding a perforated 
insulating layer Sandwiched between the parallel plates. 
These mechanically isolated pixels, however, are not com 
pletely enclosed or isolated from one another because there 
is a need for the free passage of the plasma forming gas 
between the pixels to assure uniform gas preSSure through 
out the panel. While this type of display Structure decreases 
Spill over, Spill over is Still possible because the pixels are 
not in total electrical isolation from one another. In addition, 
in this type of display panel it is difficult to properly align the 
electrodes and the gas chambers, which may cause pixels to 
misfire. AS with the open display Structure, it is also difficult 
to get a good Seal at the plate edges. Furthermore, it is 
expensive and time consuming to introduce the plasma 
producing gas and Seal the outer edges of the parallel plates. 

In yet another type of known plasma display, individual 
pixels are also mechanically isolated between parallel plates. 
In this type of display, the plasma forming gas is contained 
in transparent micro-components formed of a closed trans 
parent shell. Various methods have been used to contain the 
gas filled micro-components between the parallel plates. In 
one method, micro-components of varying sizes are tightly 
bunched and randomly distributed throughout a Single layer, 
and Sandwiched between the parallel plates. In a Second 
method, micro-components are embedded in a sheet of 
transparent dielectric material and that material is then 
Sandwiched between the parallel plates. In a third method, a 
perforated Sheet of electrically nonconductive material is 
sandwiched between the parallel plates with the gas filled 
micro-components distributed in the perforations. 

While each of the types of displays discussed above are 
based on different design concepts, the manufacturing 
approach used in their fabrication is generally the same. 
Conventionally, a batch fabrication process is used to manu 
facture these types of plasma panels. AS is well known in the 
art, in a batch process individual component parts are 
fabricated separately, often in different facilities and by 
different manufacturers, and then brought together for final 
assembly where individual plasma panels are created one at 
a time. Batch processing has numerous shortcomings, Such 
as, for example, the length of time necessary to produce a 
finished product. Long cycle times increase product cost and 
are undesirable for numerous additional reasons known in 
the art. For example, a sizeable quantity of Substandard, 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
defective, or useleSS fully or partially completed plasma 
panels may be produced during the period between detection 
of a defect or failure in one of the components and an 
effective correction of the defect or failure. 

This is especially true of the first two types of displays 
discussed above; the first having no mechanical isolation of 
individual pixels, and the Second with individual pixels 
mechanically isolated either by trenches formed in one 
parallel plate or by a perforated insulating layer Sandwiched 
between two parallel plates. Due to the fact that plasma 
forming gas is not isolated at the individual pixel/Subpixel 
level, the fabrication process precludes the majority of 
individual component parts from being tested until the final 
display is assembled. Consequently, the display can only be 
tested after the two parallel plates are Sealed together and the 
plasma-forming gas is filled inside the cavity between the 
two plates. If post production testing shows that any number 
of potential problems have occurred, (e.g. poor lumines 
cence or no luminescence at Specific pixels/subpixels) the 
entire display is discarded. 

BRIEF SUMMARY OF THE INVENTION 

Preferred embodiments of the present invention provide a 
light-emitting panel that may be used as a large-area radia 
tion Source, for energy modulation, for particle detection and 
as a flat-panel display. Gas-plasma panels are preferred for 
these applications due to their unique characteristics. 

In one form, the light-emitting panel may be used as a 
large area radiation Source. By configuring the light-emitting 
panel to emit ultraviolet (UV) light, the panel has application 
for curing, painting, and Sterilization. With the addition of a 
white phosphor coating to convert the UV light to visible 
white light, the panel also has application as an illumination 
SOCC. 

In addition, the light-emitting panel may be used as a 
plasma-Switched phase array by configuring the panel in at 
least one embodiment in a microwave transmission mode. 
The panel is configured in Such a way that during ionization 
the plasma-forming gas creates a localized index of refrac 
tion change for the microwaves (although other wavelengths 
of light would work). The microwave beam from the panel 
can then be steered or directed in any desirable pattern by 
introducing at a localized area a phase shift and/or directing 
the microwaves out of a Specific aperture in the panel. 

Additionally, the light-emitting panel may be used for 
particle/photon detection. In this embodiment, the light 
emitting panel is Subjected to a potential that is just slightly 
below the write voltage required for ionization. When the 
device is Subjected to outside energy at a Specific position or 
location in the panel, that additional energy causes the 
plasma forming gas in the Specific area to ionize, thereby 
providing a means of detecting outside energy. 

Further, the light-emitting panel may be used in flat-panel 
displayS. These displayS can be manufactured very thin and 
lightweight, when compared to Similar sized cathode ray 
tube (CRTs), making them ideally suited for home, office, 
theaters and billboards. In addition, these displayS can be 
manufactured in large sizes and with Sufficient resolution to 
accommodate high-definition television (HDTV). Gas 
plasma panels do not Suffer from electromagnetic distortions 
and are, therefore, Suitable for applications Strongly affected 
by magnetic fields, Such as military applications, radar 
Systems, railway Stations and other underground Systems. 
An embodiment of the present invention includes a 

method for adhering micro-components to a partially con 
ductive Substrate having conductive areas printed thereon. 
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This method includes passing the partially conductive Sub 
Strate within printing view of a first insertion tool containing 
an adherent; depositing a portion of the adherent onto the 
conductive areas of the partially conductive Substrate; pass 
ing the partially conductive Substrate having the portion of 
adherent thereon within printing view of a Second insertion 
tool containing at least one micro-component; and deposit 
ing the at least one micro-component onto the portion of 
adherent located on the conductive area of the partially 
conductive Substrate. 

Another embodiment of the present invention includes a 
method for depositing a plurality of micro-components onto 
predetermined portions of a Substrate. This method includes 
charging the predetermined portions of the Substrate with a 
first charge, charging the plurality of micro-components 
with a Second charge, wherein the first charge and the Second 
charge are opposite charges, and introducing the plurality of 
charged micro-components to the charged Substrate wherein 
the charged micro-components are electroStatically attracted 
to the charged predetermined portions of the Substrate. 

Another embodiment of the present invention includes a 
method for depositing a plurality of micro-components onto 
predetermined portions of a Substrate. This method includes 
charging a first predetermined portion of the Substrate with 
a first charge; charging a first Set of the plurality of micro 
components with a Second charge, wherein the first charge 
and the Second charge are opposite charges, introducing the 
first Set of charged micro-components to the first charged 
portion of the substrate wherein the first set of charged 
micro-components is electroStatically attracted to the first 
charged portion of the Substrate; facilitating removal of 
micro-components from the first Set of charged micro 
components that did not adhere to the first charged portion 
of the Substrate by means of a force applied to the Substrate; 
charging a Second predetermined portion of the Substrate 
with the first charge, charging a Second Set of the plurality 
of micro-components with the Second charge, wherein the 
first charge and the Second charge are opposite charges, 
introducing the Second Set of charged micro-components to 
the Second charged portion of the Substrate wherein the 
Second Set of charged micro-components is electroStatically 
attracted to the Second charged portion of the Substrate; 
applying a force to the Substrate in order to remove micro 
components from the Second Set of charged micro 
components that did not adhere to the Second charged 
portion of the Substrate, charging a third predetermined 
portion of the Substrate with the first charge, charging a third 
Set of the plurality of micro-components with the Second 
charge, wherein the first charge and the Second charge are 
opposite charges, introducing the third set of charged micro 
components to the third charged portion of the Substrate 
wherein the third Set of charged micro-components is elec 
troStatically attracted to the third charged portion of the 
Substrate; and applying a force to the Substrate in order to 
remove micro-components from the third set of charged 
micro-components that did not adhere to the third charged 
portion of the Substrate. 

Another embodiment of the present invention includes a 
System for placing multiple micro-components into prede 
termined portions of a Substrate. This System includes means 
for charging the multiple micro-components with a first 
charge, means for charging the predetermined portions of 
the Substrate with a Second charge, wherein the first charge 
and the Second charge are opposite; means for introducing 
the multiple micro-components to the predetermined 
charged portions of the Substrate; and means for removing 
any of the multiple micro-components that are not placed 
within the predetermined charged portions of the Substrate. 
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Another embodiment of the present invention includes a 

method for placing micro-components into the Sockets of a 
Substrate. This method includes placing a first mask having 
first holes in predetermined locations over the Substrate, 
wherein the first holes are positioned over a first set of 
Sockets within the Substrate; introducing multiple micro 
components for emitting a first color to the mask, applying 
a force to at least one of the first mask and the Substrate in 
order to facilitate placement of the micro-components into 
the first Set of Sockets within the Substrate; placing a Second 
mask having Second holes in predetermined locations over 
the Substrate, wherein the Second holes are positioned over 
a Second Set of Sockets within the Substrate; introducing 
multiple micro-components for emitting a Second color to 
the mask; applying a force to at least one of the Second mask 
and the Substrate in order to facilitate placement of the 
micro-components into the Second Set of Sockets within the 
Substrate; placing a third mask having third holes in prede 
termined locations over the Substrate, wherein the third 
holes are positioned over a third set of Sockets within the 
Substrate; introducing multiple micro-components for emit 
ting a third color to the mask, and applying a force to at least 
one of the third mask and the Substrate in order to facilitate 
placement of the micro-components into the third Set of 
Sockets within the Substrate. 

Other features, advantages, and embodiments of the 
invention are set forth in part in the description that follows, 
and in part, will be obvious from this description, or may be 
learned from the practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other features and advantages of this 
invention will become more apparent by reference to the 
following detailed description of the invention taken in 
conjunction with the accompanying drawings. 

FIG. 1 depicts a portion of a light-emitting panel showing 
the basic Socket Structure of a Socket formed from patterning 
a Substrate, as disclosed in an embodiment of the present 
invention. 

FIG. 2 depicts a portion of a light-emitting panel showing 
the basic Socket Structure of a Socket formed from patterning 
a Substrate, as disclosed in another embodiment of the 
present invention. 

FIG. 3A shows an example of a cavity that has a cube 
shape. 

FIG. 3B shows an example of a cavity that has a cone 
shape. 

FIG. 3C shows an example of a cavity that has a conical 
frustum shape. 

FIG. 3D shows an example of a cavity that has a parabo 
loid shape. 
FIG.3E shows an example of a cavity that has a spherical 

shape. 
FIG. 3F shows an example of a cavity that has a cylin 

drical shape. 
FIG. 3G shows an example of a cavity that has a pyramid 

shape. 
FIG. 3H shows an example of a cavity that has a pyra 

midal frustum shape. 
FIG. 3I shows an example of a cavity that has a paral 

lelepiped shape. 
FIG. 3J shows an example of a cavity that has a prism 

shape. 
FIG. 4 shows the Socket structure from a light-emitting 

panel of an embodiment of the present invention with a 
narrower field of view. 
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FIG. 5 shows the Socket structure from a light-emitting 
panel of an embodiment of the present invention with a 
wider field of view. 

FIG. 6A depicts a portion of a light-emitting panel show 
ing the basic Socket Structure of a Socket formed from 
disposing a plurality of material layers and then Selectively 
removing a portion of the material layers with the electrodes 
having a co-planar configuration. 

FIG. 6B is a cut-away of FIG. 6A showing in more detail 
the co-planar Sustaining electrodes. 

FIG. 7A depicts a portion of a light-emitting panel show 
ing the basic Socket Structure of a Socket formed from 
disposing a plurality of material layers and then Selectively 
removing a portion of the material layers with the electrodes 
having a mid-plane configuration. 

FIG. 7B is a cut-away of FIG. 7A showing in more detail 
the uppermost Sustain electrode. 

FIG. 8 depicts a portion of a light-emitting panel showing 
the basic Socket Structure of a Socket formed from disposing 
a plurality of material layerS and then Selectively removing 
a portion of the material layers with the electrodes having an 
configuration with two Sustain and two address electrodes, 
where the address electrodes are between the two Sustain 
electrodes. 

FIG. 9 depicts a portion of a light-emitting panel showing 
the basic Socket Structure of a Socket formed from patterning 
a Substrate and then disposing a plurality of material layers 
on the Substrate So that the material layerS conform to the 
shape of the cavity with the electrodes having a co-planar 
configuration. 

FIG. 10 depicts a portion of a light-emitting panel show 
ing the basic Socket Structure of a Socket formed from 
patterning a Substrate and then disposing a plurality of 
material layerS on the Substrate So that the material layers 
conform to the shape of the cavity with the electrodes having 
a mid-plane configuration. 

FIG. 11 depicts a portion of a light-emitting panel show 
ing the basic Socket Structure of a Socket formed from 
patterning a Substrate and then disposing a plurality of 
material layerS on the Substrate So that the material layers 
conform to the shape of the cavity with the electrodes having 
an configuration with two Sustain and two address 
electrodes, where the address electrodes are between the two 
Sustain electrodes. 

FIG. 12 is a flowchart describing a web fabrication 
method for manufacturing light-emitting displays as 
described in an embodiment of the present invention. 

FIG. 13 is a graphical representation of a web fabrication 
method for manufacturing light-emitting panels as described 
in an embodiment of the present invention. 

FIG. 14 shows an exploded view of a portion of a 
light-emitting panel showing the basic Socket Structure of a 
Socket formed by disposing a plurality of material layers 
with aligned apertures on a Substrate with the electrodes 
having a co-planar configuration. 

FIG. 15 shows an exploded view of a portion of a 
light-emitting panel showing the basic Socket Structure of a 
Socket formed by disposing a plurality of material layers 
with aligned apertures on a Substrate with the electrodes 
having a mid-plane configuration. 

FIG. 16 shows an exploded view of a portion of a 
light-emitting panel showing the basic Socket Structure of a 
Socket formed by disposing a plurality of material layers 
with aligned apertures on a Substrate with electrodes having 
a configuration with two Sustain and two address electrodes, 
where the address electrodes are between the two Sustain 
electrodes. 
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FIG. 17 shows a portion of a socket of an embodiment of 

the present invention where the micro-component and the 
cavity are formed as a type of male-female connector. 

FIG. 18 shows a top down view of a portion of a 
light-emitting panel showing a method for making a light 
emitting panel by weaving a single micro-component 
through the entire light-emitting panel. 

FIG. 19 shows a top down view of a portion of a color 
light-emitting panel showing a method for making a color 
light-emitting panel by weaving multiple micro-components 
through the entire light-emitting panel. 

FIG. 20 shows 
micro-components 
present invention. 

FIG. 21 shows 
micro-components 
present invention. 

a System for electroStatically placing 
according to an embodiment of the 

a System for electroStatically placing 
according to an embodiment of the 

FIG. 22 shows a System for placing micro-components 
within a Substrate according to an embodiment of the present 
invention. 

FIG.23 shows a System for placing micro-components on 
a Substrate according to an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 

INVENTION 

As embodied and broadly described herein, the preferred 
embodiments of the present invention are directed to a novel 
light-emitting panel. In particular, preferred embodiments 
are directed to light-emitting panels and to a web fabrication 
process for manufacturing light-emitting panels. 

FIGS. 1 and 2 show two embodiments of the present 
invention wherein a light-emitting panel includes a first 
Substrate 10 and a second Substrate 20. The first Substrate 10 
may be made from Silicates, polypropylene, quartz, glass, 
any polymeric-based material or any material or combina 
tion of materials known to one skilled in the art. Similarly, 
Second Substrate 20 may be made from Silicates, 
polypropylene, quartz, glass, any polymeric-based material 
or any material or combination of materials known to one 
skilled in the art. First Substrate 10 and second Substrate 20 
may both be made from the Same material or each of a 
different material. Additionally, the first and second Sub 
Strate may be made of a material that dissipates heat from the 
light-emitting panel. In a preferred embodiment, each Sub 
Strate is made from a material that is mechanically flexible. 
The first substrate 10 includes a plurality of sockets 30. 

The Sockets 30 may be disposed in any pattern, having 
uniform or non-uniform spacing between adjacent Sockets. 
Patterns may include, but are not limited to, alphanumeric 
characters, Symbols, icons, or pictures. Preferably, the Sock 
ets 30 are disposed in the first substrate 10 so that the 
distance between adjacent Sockets 30 is approximately 
equal. Sockets 30 may also be disposed in groupS. Such that 
the distance between one group of Sockets and another group 
of Sockets is approximately equal. This latter approach may 
be particularly relevant in color light-emitting panels, where 
each Socket in each group of Sockets may represent red, 
green and blue, respectively. 
At least partially disposed in each Socket 30 is at least one 

micro-component 40. Multiple micro-components may be 
disposed in a Socket to provide increased luminosity and 
enhanced radiation transport efficiency. In a color light 
emitting panel according to one embodiment of the present 
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invention, a single Socket Supports three micro-components 
configured to emit red, green, and blue light, respectively. 
The micro-components 40 may be of any shape, including, 
but not limited to, Spherical, cylindrical, and aspherical. In 
addition, it is contemplated that a micro-component 40 
includes a micro-component placed or formed inside another 
Structure, Such as placing a spherical micro-component 
inside a cylindrical-shaped Structure. In a color light 
emitting panel according to an embodiment of the present 
invention, each cylindrical-shaped Structure holds micro 
components configured to emit a single color of visible light 
or multiple colors arranged red, green, blue, or in Some other 
Suitable color arrangement. 

In another embodiment of the present invention, an adhe 
Sive or bonding agent is applied to each micro-component to 
assist in placing/holding a micro-component 40 or plurality 
of micro-components in a Socket 30. In an alternative 
embodiment, an electrostatic charge is placed on each 
micro-component and an electroStatic field is applied to each 
micro-component to assist in the placement of a micro 
component 40 or plurality of micro-components in a Socket 
30. Applying an electrostatic charge to the micro 
components also helps avoid agglomeration among the 
plurality of micro-components. In one embodiment of the 
present invention, an electron gun is used to place an 
electroStatic charge on each micro-component and one elec 
trode disposed proximate to each Socket 30 is energized to 
provide the needed electroStatic field required to attract the 
electroStatically charged micro-component. 

Alternatively, in order to assist placing/holding a micro 
component 40 or plurality of micro-components in a Socket 
30, a Socket 30 may contain a bonding agent or an adhesive. 
The bonding agent or adhesive may be applied to the inside 
of the Socket 30 by differential stripping, lithographic 
process, Sputtering, laser deposition, chemical deposition, 
Vapor deposition, or deposition using inkjet technology. 
One skilled in the art will realize that other methods of 
coating the inside of the socket 30 may be used. The 
methods and tools described herein may be used to place 
micro-components in Sockets 30 or alternatively on the flat, 
i.e., un-dimpled, Surface of the Substrate. 

In an embodiment of the present invention, the at least one 
micro-component is placed in each Socket using an electro 
static sheet transfer (“EST) process. In a first specific 
implementation of the EST process, the Substrate, particu 
larly the Sockets already formed within the Substrate, are 
given predetermined units of charge. Similarly, each of a 
plurality of individual micro-components are given a pre 
determined amount of charge, opposite to that of the charge 
on the Substrate. In an embodiment of the present invention, 
means for charging the Substrate comprises a laser-charged 
drum containing a charge pattern, wherein the drum trans 
fers the charge pattern to the predetermined portions of the 
substrate. Next, the charged substrate is flooded with the 
plurality of charged micro-components. Referring to FIG. 
20, the means for flooding the charged substrate 10 with the 
oppositely charged micro-components 40 includes a chute 
90 that uses a timed released mechanism, preferably pro 
ceSSor controlled, in order to release an approximate number 
of micro-components at a predetermined time in the fabric 
making process. The chute is Suspended above the fabric and 
as the appropriately charged Substrate Section passes beneath 
the chute, a removable barrier 92, i.e., an electrically con 
trolled gate, is triggered which allows the micro-components 
40 to flood the substrate 10. The micro-components 40 can 
be charged 94 prior to entering the chute 90 or while in the 
chute. The charges have an electroStatic attraction between 
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certain of the charged sockets 30 and certain of the plurality 
of charged micro-components, Such that the charged micro 
components adhere to the charged Sockets. The charged 
sockets 30 have an opposite charge 96 to that of the 
micro-components 40. In order to remove exceSS micro 
components, i.e., those that did not form an electroStatic 
bond with a charged Socket, the Substrate is Shaken or blown 
air is directed at the Substrate. 

In order to place a particular color-emitting micro 
component in a desired Socket, this first Specific implemen 
tation of the EST process requires that during the manufac 
turing process, the proceSS Steps are repeated for each 
desired color. The charge is applied directly to the Substrate 
in those regions, i.e., Sockets, wherein the micro 
components having a first desired color are to be placed. The 
micro-components having a first color are then Swept acroSS 
the Substrate and Stick to the charged regions. Repelled 
micro-components are removed from the Substrate before 
those regions, i.e., Sockets, wherein the micro-components 
having a Second desired color are to be placed are charged 
and the micro-components having a Second color are Swept 
acroSS the Substrate. These Steps are repeated until the 
desired pattern of color-emitting micro-components is 
formed on the Substrate. 

Referring to FIG. 21, in a Second Specific implementation 
of the EST proce SS, Similar, in principle, to 
electrophotography, a charged first Substrate 200 is electri 
cally contacted to a plurality of charged micro-components 
40 located on a second Substrate 205. The micro 
components 40 are attracted to the first charged Substrate 
200 and adhere to the first charged substrate. In order to 
charge the Substrate, or more particularly, the Socket por 
tions 30 of the Substrate, a processor controlled charging 
means, i.e., laser, diode array, electron beam or the like is 
used. AS part of the manufacturing process, a roll of Sub 
Strate material is continuously passed by the charging means 
and charged accordingly. The charging means is controlled 
by a processor and as Such is able to distribute charge in 
locations, i.e., at the Socket locations, and amounts as 
directed by the manufacturer, to achieve desired panel size 
and resolution. Further to the process, the Second Substrate 
205 containing the oppositely charge micro-components 40 
is passed by the first charged substrate 200 and the micro 
components are peeled off of the Second Substrate and 
adhere to the charged areas, e.g., Sockets 30, of the first 
charged Substrate. In an embodiment of the present inven 
tion illustrated in FIG. 21, in order to facilitate the step of 
continuously passing the first and second substrates 200,205 
in electroStatic proximity to one another, the first and Second 
substrates are passed along rollers 210. The rollers 210 are 
rotated in opposite directions A and B. While FIG. 21 shows 
two rollers 210, there may be multiple rollers and/or moving 
belts utilized in the continuous process. 

In an alternative embodiment, referring to FIG. 22, illus 
trates method and System for placing micro-components 
wherein the placement is purely mechanical. A first pliable 
Substrate 300, Such as a plastic or polymeric material or a 
polymeric material warmed to the point of pliability, is 
forcibly contacted to a plurality of micro-components 40 
located on a second substrate 305. The micro-components 
40 cause the pliable first charged substrate 300 to deform in 
accordance with the shape of the micro-components. The 
micro-components release from a loose hold on the Second 
Substrate 305 and remain in the self-made Sockets in the first 
charged Substrate, forming a Socket/micro-component 314. 
In an embodiment of the present invention illustrated in FIG. 
22, in order to facilitate the Step of continuously passing the 
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first and second substrates 300,305 in mechanical proximity 
to one another, the first and Second Substrates are passed 
along rollers 310 and 312. The roller 312 has socket shaped 
indentations into which the pliable substrate 300 is pushed 
by the micro-components 40 as they are forcibly contacted 
to one another. Another embodiment uses a roller 312 
without indentations in conjunction with a pliable Substrate 
300 that is thicker than the depth of the self-made sockets. 
The rollers 310 and 312 are rotated in opposite directions A 
and B. While FIG.22 shows two rollers 310 and 312, there 
may be multiple rollers and/or moving belts utilized in the 
continuous process. 
AS described with respect to the first Specific implemen 

tation of the EST process, where micro-components emit 
ting different colors are to be placed at particular locations 
within the charged Substrate, the process requires Steps for 
ensuring that the various color-emitting micro-components 
are placed accordingly. AS Such, in the Second implemen 
tation of the EST process, the first substrate is selectively 
charged by the charging means first in the area or areas 
where micro-components emitting a first color are to be 
placed. A Second Substrate containing only charged micro 
components that emit the first color is passed by the charged 
first Substrate and the micro-components are picked off of 
the Second Substrate by the electrostatic force that exists 
between the oppositely charged first charged sheet area(s) 
and the micro-components emitting a first color. Next, the 
first Substrate is Selectively charged by the charging means 
in the area or areas where micro-components emitting a 
Second color are to be placed. A third Substrate containing 
only charged micro-components that emit the Second color 
is passed by the charged first Substrate and the micro 
components are picked off of the third substrate by the 
electroStatic force that exists between the oppositely charged 
first charged sheet area(s) and the micro-components emit 
ting a Second color. This process is repeated for the required 
number of color-emitting micro-components. 
AS an alternative to the iterative process described above, 

a Second SubStrate is Selectively patterned with charged 
micro-components that emit varying colors. One skilled in 
the art recognizes that for various viewing technologies, the 
patterns include the primary colors of red, green, and blue. 
Micro-components having these colors are grouped So as to 
form pixels. In this alternative embodiment, the Second 
Selectively patterned Substrate is electrically contacted to a 
first Selectively charge Substrate, e.g., charged at the Socket 
locations, and in response to the electroStatic forces between 
the oppositely charged Sockets and micro-components, the 
micro-components are peeled off of the Second Selectively 
patterned Substrate and placed in the Sockets of the first 
Selectively charged Substrate. The pattern of the micro 
components is maintained through the peel-off and place 
ment process. 

Referring to FIG. 23, in another embodiment of the 
present invention, the micro-components 40 are placed on a 
substrate 10, i.e., in sockets 30, using insertion tools 220 and 
225, which are similar to inkjet heads. In this particular 
example, a first insertion tool 220 is used to adhere drops of 
bonding material 230, i.e., conducting epoxy or the like, as 
well as the micro-components 40 themselves onto a sub 
Strate 10. The micro-component placement proceSS can be 
used as part of a continuous web or discrete Step manufac 
turing process. In a particular continuous web process, a 
Substrate is Supplied to the manufacturing line, i.e., web 
line. The Substrate approaches the insertion portion of the 
web-line already laden with at least a first Set of conductors 
possibly with Sockets formed therein for receiving micro 
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components. For exemplary purposes only, the conductors 
may approximately 150 microns wide, running orthogonal 
to the direction of movement of the Substrate along the 
web-line and the micro-components may be approximately 
0.33 millimeters wide. The conductors are separated by 
approximately 400 microns as measured from center to 
center. AS this Standardized continuous line of conductor 
laden Substrate passes through the insertion portion of the 
web-line, the insertion tools insert adherent and micro 
components on the Substrate and/or within appropriate Sock 
ets. The pattern of micro-component placement can be either 
manually, mechanically, or processor controlled. The inser 
tion tools are programmed through the processor So as to 
Vary the size, color (e.g., red, green, blue), type (e.g., 
micro-component) and location of the micro-component 
placement as desired. Alternatively, the insertion tools are 
Such that the Sockets of the Substrate are first coated with the 
desired phosphor coating in order to construct the display 
pixels as needed, i.e., red, green, blue, followed by insertion 
of the a micro-component into each of the coated Sockets. 
The insertion tools can use various different methods and 

devices to direct the micro-components toward a the 
Substrate, i.e., the Sockets. For example, electrostatic, 
piezoelectric, and acoustic devices utilize ejecting transduc 
erS and/or actuators to control the ejection and placement of 
the micro-components. These transducers and or actuators 
are controlled by an insertion processor. In the embodiments 
described herein, the insertion processor activates the trans 
ducers or actuators in conjunction with movement of the 
substrate relative to the insertion tool(s). By controlling the 
activation of the transducers or actuators and the Substrate 
movement, the insertion processor can direct the micro 
components to impact the Substrate in a specific pattern. 

In order to control the placement of micro-components 
that deviate from the intended trajectory, the micro 
components can be electroStatically deflected upon leaving 
the insertion tool. Charges placed on electrodes on the 
insertion tool are controlled in order to Steer charged micro 
components in desired directions to compensate for move 
ment of the insertion tool. In an alternative embodiment, the 
electrodes underlying the Sockets in the Substrate or on the 
insertion tool are used to induce charges on the micro 
components and accelerate them toward the Substrate and 
appropriate Socket. Additionally, an electric field can be used 
to accelerate the micro-components Subsequent to ejection. 

In another embodiment of the present invention, the use 
of an EST process and insertion tools are combined. In this 
alternative embodiment, the insertion tools are utilized to 
coat the Sockets within the Substrate with the appropriate 
phosphor coating. One of the EST processes described 
above is used to place at least one micro-component within 
each of the coated Sockets. 

In still a further embodiment of the present invention, the 
micro-components are placed within the Sockets on the 
Substrate through a process of applying force to the Sub 
Strate. This force can be an inertial force, Such as from 
vibration, air pressure forces, or others (e.g., agitation) 
applied by a force application tool. In this further embodi 
ment of the present invention, the application of force is 
used as a final or fine alignment Step. The rough alignment 
Step is the initial introduction of the micro-components to 
the Surface of the Substrate. Referring to the electroStatic 
flooding embodiments described above, agitation can be 
used in order to effectively Seal the electroStatic attraction 
between the micro-components and the Sockets or, 
alternatively, agitation can be used in order to rid the Surface 
of the Substrate of extra micro-components that have not 
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been placed in an appropriate Socket. In another embodi 
ment of the present invention, air preSSure forces are used to 
enhance or replace the electrostatic forces that attract the 
micro-component into the Socket, where the air pressure 
forces are generated by applying a vacuum at the bottom of 
the Socket. 

In a further embodiment of the present invention, the 
micro-components are placed into the appropriate Sockets 
within the Substrate using masks in conjunction with a force 
application tool. In this embodiment, a first mask is placed 
over the Substrate, wherein there are holes in the mask that 
are patterned So as to have holes in predetermined locations 
according to display requirements for receipt of a first color 
of micro-component. Once the mask is in place, a chute 
containing micro-components having the first color are 
flooded onto the mask and the force application tool is used 
to Shake the micro-components through the holes and into 
the Sockets in the Substrate. The first mask is then removed 
and the process is repeated for the Second and third colored 
micro-components using Second and third patterned maskS. 
In further embodiments, the micro-components may differ in 
size, for example, the green micro-components have a first 
Size and are larger than the blue micro-components which 
have a Second size and are larger than the red micro 
components having a third size. In an alternative 
embodiment, the masks may be patterned accordingly to 
accommodate the differing sizes of the micro-components. 
The continuous web process, including the insertion 

portion, is a dynamic manufacturing process. The proceSS 
allows for the construction of a display fabric that is adapt 
able to a wide variety of technological applications based on 
size, resolution, power restrictions, and the like. The result 
ing display fabric is reconfigurable based on intended appli 
cation. Further, in another embodiment of the present 
invention, the insertion portion of the continuous web pro 
ceSS includes application of curable liquid dielectric layers, 
and the like, to the Substrate containing the first Set of 
conductors. A further discussion of this layering technology 
is described in the disclosure filed on Mar. 2, 2004 as 
application Ser. No. 10/789976 entitled Liquid Manufactur 
ing Processes for Panel Layer Fabrication which is incor 
porated herein by reference in its entirety. These dielectric 
coatings offer protection to the underlying conductors during 
the cutting process, whereby the display fabric is cut into 
multiple display panels. Due to the adaptability of the 
display fabric, the fabric may be cut into displays of the 
Same size or into displays of different sizes. The prior art 
manufacturing processes do not allow for this multiple size 
adaptability. One of the most Significant reasons for this 
limitation is the need to leave room at the edge of the panels 
for electrical connection lines and the like. With the present 
invention, even a display cut from the center of the fabric 
will have dielectric protected conductors at the edges to 
facilitate connection thereto. The dielectric is removed or 
peeled away from the Substrate at the edges, exposing the 
conductors and allowing for the appropriate connections to 
be made. 

In its most basic form, each micro-component 40 includes 
a shell 50 filled with a plasma-forming gas or gas mixture 
45. Any Suitable gas or gas mixture 45 capable of ionization 
may be used as the plasma-forming gas, including, but not 
limited to, krypton, Xenon, argon, neon, Oxygen, helium, 
mercury, and mixtures thereof In fact, any noble gas could 
be used as the plasma-forming gas, including, but not 
limited to, noble gases mixed with cesium or mercury. 
Further, rare gas halide mixtures Such as Xenon chloride, 
Xenon fluoride and the like are also Suitable plasma-forming 
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gases. Rare gas halides are efficient radiators having radi 
ating wavelengths of approximately 300 to 350 nm, which 
is longer than that of pure xenon (147 to 170 nm). This 
results in an overall quantum efficiency gain, i.e., a factor of 
two or more, given by the mixture ratio. Still further, in 
another embodiment of the present invention, rare gas halide 
mixtures are also combined with other plasma-forming 
gases as listed above. This description is not intended to be 
limiting. One skilled in the art would recognize other gasses 
or gas mixtures that could also be used. In a color display, 
according to another embodiment, the plasma-forming gas 
or gas mixture 45 is chosen So that during ionization the gas 
will irradiate a specific wavelength of light corresponding to 
a desired color. For example, neon-argon emits red light, 
Xenon-oxygen emits green light, and krypton-neon emits 
blue light. While a plasma-forming gas or gas mixture 45 is 
used in a preferred embodiment, any other material capable 
of providing luminescence is also contemplated, Such as an 
electro-luminescent material, organic light-emitting diodes 
(OLEDs), or an electro-phoretic material. 
The shell 50 may be made from a wide assortment of 

materials, including, but not limited to, Silicates, 
polypropylene, glass, any polymeric-based material, mag 
nesium oxide and quartz and may be of any Suitable size. 
The shell 50 may have a diameter ranging from micrometers 
to centimeters as measured acroSS its minor axis, with 
Virtually no limitation as to its size as measured acroSS its 
major axis. For example, a cylindrical-shaped micro 
component may be only 100 microns in diameter acroSS its 
minor axis, but may be hundreds of meters long acroSS its 
major axis. In a preferred embodiment, the outside diameter 
of the shell, as measured across its minor axis, is from 100 
microns to 300 microns. In addition, the shell thickness may 
range from micrometers to millimeters, with a preferred 
thickness from 1 micron to 10 microns. 
When a Sufficiently large Voltage is applied across the 

micro-component the gas or gas mixture ionizes forming 
plasma and emitting radiation. The potential required to 
initially ionize the gas or gas mixture inside the shell 50 is 
governed by Paschen's Law and is closely related to the 
preSSure of the gas inside the shell. In the present invention, 
the gas preSSure inside the shell 50 ranges from tens of torrs 
to Several atmospheres. In a preferred embodiment, the gas 
pressure ranges from 100 torr to 700 torr. The size and shape 
of a micro-component 40 and the type and pressure of the 
plasma-forming gas contained therein, influence the perfor 
mance and characteristics of the light-emitting panel and are 
Selected to optimize the panel's efficiency of operation. 

There are a variety of coatings 300 and dopants that may 
be added to a micro-component 40 that also influence the 
performance and characteristics of the light-emitting panel. 
The coatings 300 may be applied to the outside or inside of 
the shell 50, and may either partially or fully coat the shell 
50. Types of outside coatings include, but are not limited to, 
coatings used to convert UV light to visible light (e.g. 
phosphor), coatings used as reflecting filters, and coatings 
used as band-gap filters. Types of inside coatings include, 
but are not limited to, coatings used to convert UV light to 
visible light (e.g. phosphor), coatings used to enhance Sec 
ondary emissions and coatings used to prevent erosion. One 
skilled in the art will recognize that other coatings may also 
be used. The coatings 300 may be applied to the shell 50 by 
differential Stripping, lithographic process, Sputtering, laser 
deposition, chemical deposition, vapor deposition, or depo 
Sition using inkjet technology. One skilled in the art will 
realize that other methods of coating the inside and/or 
outside of the shell 50 may be used. Types of dopants 
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include, but are not limited to, dopants used to convert UV 
light to visible light (e.g. phosphor), dopants used to enhance 
Secondary emissions and dopants used to provide a conduc 
tive path through the shell 50. The dopants are added to the 
shell 50 by any suitable technique known to one skilled in 
the art, including ion implantation. It is contemplated that 
any combination of coatings and dopants may be added to a 
micro-component 40. Alternatively, or in combination with 
the coatings and dopants that may be added to a micro 
component 40, a variety of coatings 350 may be coated on 
the inside of a socket 30. These coatings 350 include, but are 
not limited to, coatings used to convert UV light to visible 
light, coatings used as reflecting filters, and coatings used as 
band-gap filters. 

In an embodiment of the present invention, when a 
micro-component is configured to emit UV light, the UV 
light is converted to visible light by at least partially coating 
the inside the shell 50 with phosphor, at least partially 
coating the outside of the shell 50 with phosphor, doping the 
shell 50 with phosphor and/or coating the inside of a socket 
30 with phosphor. In a color panel, according to an embodi 
ment of the present invention, colored phosphor is chosen So 
the Visible light emitted from alternating micro-components 
is colored red, green and blue, respectively. By combining 
these primary colors at varying intensities, all colors can be 
formed. It is contemplated that other color combinations and 
arrangements may be used. In another embodiment for a 
color light-emitting panel, the UV light is converted to 
Visible light by disposing a Single colored phosphor on the 
micro-component 40 and/or on the inside of the socket 30. 
Colored filters may then be alternatingly applied over each 
Socket 30 to convert the visible light to colored light of any 
Suitable arrangement, for example red, green and blue. By 
coating all the micro-components with a single colored 
phosphor and then converting the visible light to colored 
light by using at least one filter applied over the top of each 
Socket, micro-component placement is made leSS compli 
cated and the light-emitting panel is more easily config 
urable. 

To obtain an increase in luminosity and radiation transport 
efficiency, in an embodiment of the present invention, the 
shell 50 of each micro-component 40 is at least partially 
coated with a Secondary emission enhancement material. 
Any low affinity material may be used including, but not 
limited to, magnesium oxide and thulium oxide. One skilled 
in the art would recognize that other materials will also 
provide Secondary emission enhancement. In another 
embodiment of the present invention, the shell 50 is doped 
with a Secondary emission enhancement material. It is 
contemplated that the doping of shell 50 with a secondary 
emission enhancement material may be in addition to coat 
ing the shell 50 with a secondary emission enhancement 
material. In this case, the Secondary emission enhancement 
material used to coat the shell 50 and dope the shell 50 may 
be different. 

In addition to, or in place of, doping the shell 50 with a 
Secondary emission enhancement material, according to an 
embodiment of the present invention, the shell 50 is doped 
with a conductive material. Possible conductive materials 
include, but are not limited to Silver, gold, platinum, and 
aluminum. Doping the shell 50 with a conductive material 
provides a direct conductive path to the gas or gas mixture 
contained in the shell and provides one possible means of 
achieving a DC light-emitting panel. 

In another embodiment of the present invention, the shell 
50 of the micro-component 40 is coated with a reflective 
material. An indeX matching material that matches the indeX 
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of refraction of the reflective material is disposed So as to be 
in contact with at least a portion of the reflective material. 
The reflective coating and indeX matching material may be 
Separate from, or in conjunction with, the phosphor coating 
and Secondary emission enhancement coating of previous 
embodiments. The reflective coating is applied to the shell 
50 in order to enhance radiation transport. By also disposing 
an index-matching material So as to be in contact with at 
least a portion of the reflective coating, a predetermined 
wavelength range of radiation is allowed to escape through 
the reflective coating at the interface between the reflective 
coating and the index-matching material. By forcing the 
radiation out of a micro-component through the interface 
area between the reflective coating and the index-matching 
material greater micro-component efficiency is achieved 
with an increase in luminosity. In an embodiment, the index 
matching material is coated directly over at least a portion of 
the reflective coating. In another embodiment, the index 
matching material is disposed on a material layer, or the like, 
that is brought in contact with the micro-component Such 
that the index matching material is in contact with at least a 
portion of the reflective coating. In another embodiment, the 
Size of the interface is Selected to achieve a specific field of 
View for the light-emitting panel. 
A cavity 55 formed within and/or on the first substrate 10 

provides the basic socket 30 structure. The cavity 55 may be 
any shape and size. As depicted in FIGS. 3A-3J, the shape 
of the cavity 55 may include, but is not limited to, a cube 
100, a cone 110, a conical frustum 120, a paraboloid 130, 
spherical 140, cylindrical 150, a pyramid 160, a pyramidal 
frustum 170, a parallelepiped 180, or a prism 190. 
The size and shape of the socket 30 influence the perfor 

mance and characteristics of the light-emitting panel and are 
Selected to optimize the panel's efficiency of operation. In 
addition, Socket geometry may be Selected based on the 
shape and size of the micro-component to optimize the 
Surface contact between the micro-component and the 
Socket and/or to ensure connectivity of the micro-component 
and any electrodes disposed within the Socket. Further, the 
Size and shape of the Sockets 30 may be chosen to optimize 
photon generation and provide increased luminosity and 
radiation transport efficiency. AS shown by example in 
FIGS. 4 and 5, the size and shape may be chosen to provide 
a field of view 400 with a specific angle 0, such that a 
micro-component 40 disposed in a deep socket 30 may 
provide more collimated light and hence a narrower viewing 
angle 0 (FIG. 4), while a micro-component 40 disposed in 
a shallow socket 30 may provide a wider viewing angle 0 
(FIG. 5). That is to say, the cavity may be sized, for example, 
So that its depth Subsumes a micro-component deposited in 
a Socket, or it may be made shallow So that a micro 
component is only partially disposed within a Socket. 
Alternatively, in another embodiment of the present 
invention, the field of view 400 may be set to a specific angle 
0 by disposing on the Second Substrate at least one optical 
lens. The lens may cover the entire Second SubStrate or, in 
the case of multiple optical lenses, arranged So as to be in 
register with each Socket. In another embodiment, the opti 
cal lens or optical lenses are configurable to adjust the field 
of View of the light-emitting panel. 

In an embodiment for a method of making a light-emitting 
panel including a plurality of Sockets, a cavity 55 is formed, 
or patterned, in a Substrate 10 to create a basic Socket shape. 
The cavity may be formed in any Suitable shape and size by 
any combination of physically, mechanically, thermally, 
electrically, optically, or chemically deforming the Substrate. 
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Disposed proximate to, and/or in, each Socket may be a 
variety of enhancement materials 325. The enhancement 
materials 325 include, but are not limited to, anti-glare 
coatings, touch Sensitive Surfaces, contrast enhancement 
(black mask) coatings, protective coatings, transistors, 
integrated-circuits, Semiconductor devices, inductors, 
capacitors, resistors, control electronics, drive electronics, 
diodes, pulse-forming networks, pulse compressors, pulse 
transformers, and tuned-circuits. 

In another embodiment of the present invention for a 
method of making a light-emitting panel including a plural 
ity of Sockets, a Socket 30 is formed by disposing a plurality 
of material layers 60 to form a first Substrate 10, disposing 
at least one electrode either directly on the first substrate 10, 
within the material layerS or any combination thereof, and 
selectively removing a portion of the material layers 60 to 
create a cavity. The material layers 60 include any 
combination, in whole or in part, of dielectric materials, 
metals, and enhancement materials 325. The enhancement 
materials 325 include, but are not limited to, anti-glare 
coatings, touch Sensitive Surfaces, contrast enhancement 
(black mask) coatings, protective coatings, transistors, 
integrated-circuits, Semiconductor devices, inductors, 
capacitors, resistors, control electronics, drive electronics, 
diodes, pulse-forming networks, pulse compressors, pulse 
transformers, and tuned-circuits. The placement of the mate 
rial layerS 60 may be accomplished by any transfer process, 
photolithography, Xerographic-type processes, plasma 
deposition, Sputtering, laser deposition, chemical deposition, 
Vapor deposition, or deposition using inkjet technology. 
One of general skill in the art will recognize other appro 
priate methods of disposing a plurality of material layers on 
a substrate. The cavity 55 may be formed in the material 
layers 60 by a variety of methods including, but not limited 
to, wet or dry etching, photolithography, laser heat 
treatment, thermal form, mechanical punch, embossing, 
Stamping-out, drilling, electroforming or by dimpling. 

In another embodiment of the present invention for a 
method of making a light-emitting panel including a plural 
ity of Sockets, a Socket 30 is formed by patterning a cavity 
55 in a first substrate 10, disposing a plurality of material 
layers 65 on the first substrate 10 so that the material layers 
65 conform to the cavity 55, and disposing at least one 
electrode on the first substrate 10, within the material layers 
65, or any combination thereof. The cavity may be formed 
in any Suitable shape and size by any combination of 
physically, mechanically, thermally, electrically, optically, or 
chemically deforming the substrate. The material layers 60 
include any combination, in whole or in part, of dielectric 
materials, metals, and enhancement materials 325. The 
enhancement materials 325 include, but are not limited to, 
anti-glare coatings, touch Sensitive Surfaces, contrast 
enhancement (black mask) coatings, protective coatings, 
transistors, integrated-circuits, Semiconductor devices, 
inductors, capacitors, resistors, control electronics, drive 
electronics, diodes, pulse-forming networks, pulse 
compressors, pulse transformers, and tuned-circuits. The 
placement of the material layers 60 may be accomplished by 
any transfer process, photolithography, Xerographic-type 
processes, plasma deposition, Sputtering, laser deposition, 
chemical deposition, vapor deposition, or deposition using 
ink jet technology. One of general skill in the art will 
recognize other appropriate methods of disposing a plurality 
of material layers on a Substrate. 

In another embodiment of the present invention for a 
method of making a light-emitting panel including a plural 
ity of Sockets, a Socket 30 is formed by disposing a plurality 
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of material layers 66 on a first substrate 10 and disposing at 
least one electrode on the first Substrate 10, within the 
material layers 66, or any combination thereof. Each of the 
material layers includes a preformed aperture 56 that 
extends through the entire material layer. The apertures may 
be of the same size or may be of different sizes. The plurality 
of material layers 66 are disposed on the first Substrate with 
the apertures in alignment thereby forming a cavity 55. The 
material layerS 66 include any combination, in whole or in 
part, of dielectric materials, metals, and enhancement mate 
rials 325. The enhancement materials 325 include, but are 
not limited to, anti-glare coatings, touch Sensitive Surfaces, 
contrast enhancement (black mask) coatings, protective 
coatings, transistors, integrated-circuits, Semiconductor 
devices, inductors, capacitors, resistors, diodes, control 
electronics, drive electronics, pulse-forming networks, pulse 
compressors, pulse transformers, and tuned-circuits. The 
placement of the material layerS 66 may be accomplished by 
any transfer process, photolithography, Xerographic-type 
processes, plasma deposition, Sputtering, laser deposition, 
chemical deposition, vapor deposition, or deposition using 
ink jet technology. One of general skill in the art will 
recognize other appropriate methods of disposing a plurality 
of material layerS on a Substrate. 

In the above embodiments describing four different meth 
ods of making a Socket in a light-emitting panel, disposed in, 
or proximate to, each Socket may be at least one enhance 
ment material. AS Stated above the enhancement material 
325 may include, but is not limited to, anti-glare coatings, 
touch sensitive Surfaces, contrast enhancement (black mask) 
coatings, protective coatings, transistors, integrated-circuits, 
Semiconductor devices, inductors, capacitors, resistors, con 
trol electronics, drive electronics, diodes, pulse-forming 
networks, pulse compressors, pulse transformers, and tuned 
circuits. In a preferred embodiment of the present invention 
the enhancement materials may be disposed in, or proximate 
to each Socket by any transfer process, photolithography, 
Xerographic-type processes, plasma deposition, Sputtering, 
laser deposition, chemical deposition, Vapor deposition, 
deposition using inkjet technology, or mechanical means. In 
another embodiment of the present invention, a method for 
making a light-emitting panel includes disposing at least one 
electrical enhancement (e.g. the transistors, integrated 
circuits, Semiconductor devices, inductors, capacitors, 
resistors, control electronics, drive electronics, diodes, 
pulse-forming networks, pulse compressors, pulse 
transformers, and tuned-circuits), in, or proximate to, each 
Socket by Suspending the at least one electrical enhancement 
in a liquid and flowing the liquid acroSS the first Substrate. 
AS the liquid flows across the Substrate the at least one 
electrical enhancement will Settle in each Socket. It is 
contemplated that other Substances or means may be use to 
move the electrical enhancements acroSS the Substrate. One 
Such means may include, but is not limited to, using air to 
move the electrical enhancements across the Substrate. In 
another embodiment of the present invention the Socket is of 
a corresponding shape to the at least one electrical enhance 
ment Such that the at least one electrical enhancement 
Self-aligns with the Socket. 
The electrical enhancements may be used in a light 

emitting panel for a number of purposes including, but not 
limited to, lowering the Voltage necessary to ionize the 
plasma-forming gas in a micro-component, lowering the 
Voltage required to Sustain/erase the ionization charge in a 
micro-component, increasing the luminosity and/or radia 
tion transport efficiency of a micro-component, and aug 
menting the frequency at which a micro-component is lit. In 
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addition, the electrical enhancements may be used in con 
junction with the light-emitting panel driving circuitry to 
alter the power requirements necessary to drive the light 
emitting panel. For example, a tuned-circuit may be used in 
conjunction with the driving circuitry to allow a DC power 
Source to power an AC-type light-emitting panel. In an 
embodiment of the present invention, a controller is pro 
Vided that is connected to the electrical enhancements and 
capable of controlling their operation. Having the ability to 
individual control the electrical enhancements at each pixel/ 
Subpixel provides a means by which the characteristics of 
individual micro-components may be altered/corrected after 
fabrication of the light-emitting panel. These characteristics 
include, but are not limited to, luminosity and the frequency 
at which a micro-component is lit. One skilled in the art will 
recognize other uses for electrical enhancements disposed 
in, or proximate to, each Socket in a light-emitting panel. 

The electrical potential necessary to energize a micro 
component 40 is Supplied via at least two electrodes. In a 
general embodiment of the present invention, a light 
emitting panel includes a plurality of electrodes, wherein at 
least two electrodes are adhered to only the first Substrate, 
only the Second Substrate or at least one electrode is adhered 
to each of the first Substrate and the Second Substrate and 
wherein the electrodes are arranged So that Voltage applied 
to the electrodes causes one or more micro-components to 
emit radiation. In another general embodiment, a light 
emitting panel includes a plurality of electrodes, wherein at 
least two electrodes are arranged So that Voltage Supplied to 
the electrodes cause one or more micro-components to emit 
radiation throughout the field of view of the light-emitting 
panel without crossing either of the electrodes. 

In an embodiment where the Sockets 30 are patterned on 
the first Substrate 10 So that the Sockets are formed in the first 
Substrate, at least two electrodes may be disposed on the first 
substrate 10, the second substrate 20, or any combination 
thereof. In exemplary embodiments as shown in FIGS. 1 and 
2, a Sustain electrode 70 is adhered on the second Substrate 
20 and an address electrode 80 is adhered on the first 
substrate 10. In a preferred embodiment, at least one elec 
trode adhered to the first substrate 10 is at least partly 
disposed within the socket (FIGS. 1 and 2). 

In an embodiment where the first Substrate 10 includes a 
plurality of material layers 60 and the sockets 30 are formed 
within the material layers, at least two electrodes may be 
disposed on the first substrate 10, disposed within the 
material layers 60, disposed on the second substrate 20, or 
any combination thereof. In one embodiment, as shown in 
FIG. 6A, a first address electrode 80 is disposed within the 
material layers 60, a first Sustain electrode 70 is disposed 
within the material layerS 60, and a Second Sustain electrode 
75 is disposed within the material layers 60, such that the 
first Sustain electrode and the Second Sustain electrode are in 
a co-planar configuration. FIG. 6B is a cut-away of FIG. 6A 
showing the arrangement of the co-planar Sustain electrodes 
70 and 75. In another embodiment, as shown in FIG. 7A, a 
first Sustain electrode 70 is disposed on the first substrate 10, 
a first address electrode 80 is disposed within the material 
layers 60, and a second Sustain electrode 75 is disposed 
within the material layers 60, such that the first address 
electrode is located between the first Sustain electrode and 
the Second Sustain electrode in a mid-plane configuration. 
FIG. 7B is a cut-away of FIG. 7A showing the first Sustain 
electrode 70. As seen in FIG. 8, in a preferred embodiment 
of the present invention, a first Sustain electrode 70 is 
disposed within the material layers 60, a first address elec 
trode 80 is disposed within the material layers 60, a second 
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address electrode 85 is disposed within the material layers 
60, and a second Sustain electrode 75 is disposed within the 
material layers 60, such that the first address electrode and 
the Second address electrode are located between the first 
Sustain electrode and the Second Sustain electrode. 

In an embodiment where a cavity 55 is patterned on the 
first substrate 10 and a plurality of material layers 65 are 
disposed on the first Substrate 10 so that the material layers 
conform to the cavity 55, at least two electrodes may be 
disposed on the first Substrate 10, at least partially disposed 
within the material layers 65, disposed on the second Sub 
Strate 20, or any combination thereof In one embodiment, as 
shown in FIG. 9, a first address electrode 80 is disposed on 
the first Substrate 10, a first Sustain electrode 70 is disposed 
within the material layerS 65, and a Second Sustain electrode 
75 is disposed within the material layers 65, such that the 
first Sustain electrode and the Second Sustain electrode are in 
a co-planar configuration. In another embodiment, as shown 
in FIG. 10, a first Sustain electrode 70 is disposed on the first 
substrate 10, a first address electrode 80 is disposed within 
the material layers 65, and a second sustain electrode 75 is 
disposed within the material layers 65, such that the first 
address electrode is located between the first Sustain elec 
trode and the Second Sustain electrode in a mid-plane 
configuration. AS Seen in FIG. 11, in a preferred embodiment 
of the present invention, a first Sustain electrode 70 is 
disposed on the first substrate 10, a first address electrode 80 
is disposed within the material layerS 65, a Second address 
electrode 85 is disposed within the material layers 65, and a 
second Sustain electrode 75 is disposed within the material 
layers 65, such that the first address electrode and the second 
address electrode are located between the first Sustain elec 
trode and the Second Sustain electrode. 

In an embodiment where a plurality of material layers 66 
with aligned apertures 56 are disposed on a first substrate 10 
thereby creating the cavities 55, at least two electrodes may 
be disposed on the first substrate 10, at least partially 
disposed within the material layers 65, disposed on the 
Second Substrate 20, or any combination thereof. In one 
embodiment, as shown in FIG. 14, a first address electrode 
80 is disposed on the first Substrate 10, a first Sustain 
electrode 70 is disposed within the material layers 66, and a 
second Sustain electrode 75 is disposed within the material 
layerS 66, Such that the first Sustain electrode and the Second 
Sustain electrode are in a co-planar configuration. In another 
embodiment, as shown in FIG. 15, a first Sustain electrode 
70 is disposed on the first Substrate 10, a first address 
electrode 80 is disposed within the material layers 66, and a 
second Sustain electrode 75 is disposed within the material 
layers 66, such that the first address electrode is located 
between the first Sustain electrode and the Second Sustain 
electrode in a mid-plane configuration. AS Seen in FIG. 16, 
in a preferred embodiment of the present invention, a first 
sustain electrode 70 is disposed on the first Substrate 10, a 
first address electrode 80 is disposed within the material 
layers 66, a second address electrode 85 is disposed within 
the material layers 66, and a second sustain electrode 75 is 
disposed within the material layers 66, such that the first 
address electrode and the Second address electrode are 
located between the first Sustain electrode and the Second 
Sustain electrode. 
The Specification, above, has described, among other 

things, various components of a light-emitting panel and 
methodologies to make those components and to make a 
light-emitting panel. In an embodiment of the present 
invention, it is contemplated that those components may be 
manufactured and those methods for making may be accom 
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plished as part of web fabrication process for manufacturing 
light-emitting panels. In another embodiment of the present 
invention, a web fabrication process for manufacturing 
light-emitting panels includes the Steps of providing a first 
Substrate, disposing micro-components on the first Substrate, 
disposing a Second Substrate on the first Substrate So that the 
micro-components are Sandwiched between the first and 
Second Substrates, and dicing the first and Second Substrate 
“sandwich' to form individual light-emitting panels. In 
another embodiment, the first and Second Substrates are 
provided as rolls of material. A plurality of Sockets may 
either be preformed on the first substrate or may be formed 
in and/or on the first substrate as part of the web fabrication 
process. Likewise, the first and Second Substrates may be 
preformed So that the fist Substrate, the Second Substrate or 
both Substrates include a plurality of electrodes. 
Alternatively, a plurality of electrodes may be disposed on 
or within the first Substrate, on or within the second 
Substrate, or on and within both the first Substrate and second 
substrate as part of the web fabrication process. It should be 
noted that where Suitable, fabrication Steps may be per 
formed in any order. It should also be noted that the 
micro-components may be preformed or may be formed as 
part of the web fabrication process. In another embodiment, 
the web fabrication proceSS is performed as a continuous 
high-Speed inline process with the ability to manufacture 
light-emitting panels at a rate faster than light-emitting 
panels manufactured as part of batch process. 
As shown in FIGS. 12 and 13, in an embodiment of the 

present invention, the web fabrication process includes the 
following process Steps: a micro-component forming pro 
cess 800 for forming the micro-component shells and filling 
the micro-components with plasma-forming gas, a micro 
component coating process 810 for coating the micro 
components with phosphor or any other Suitable coatings 
and producing a plurality of coated and filled micro 
components 400; a circuit and electrode printing process 820 
for printing at least one electrode and any needed driving 
and control circuitry on a first Substrate 420, a patterning 
process 840 for patterning a plurality of cavities on a first 
substrate to form a plurality of sockets 430; a micro 
component placement proceSS 850 for properly placing at 
least one micro-component in each Socket 430; an electrode 
printing process 860 for printing, if required, at least one 
electrode on a Second Substrate 410; a Second Substrate 
application and alignment process 870 for aligning the 
Second Substrate over the first Substrate 440 So that the 
micro-components are Sandwiched between the first Sub 
Strate and the Second Substrate 450; and a panel dicing 
process 880 for dicing the first and second substrates 450 to 
form individual light-emitting panels 460. 

In another embodiment of the present invention as shown 
in FIG. 17, the Socket 30 may be formed as a type of 
male-female connector with a male micro-component 40 
and a female cavity 55. The male micro-component 40 and 
female cavity 55 are formed to have complimentary shapes. 
As shown in FIG. 12, as an example, both the cavity and 
micro-component have complimentary cylindrical shapes. 
The opening 35 of the female cavity is formed such that the 
opening is Smaller than the diameter d of the male micro 
component. The larger diameter male micro-component can 
be forced through the Smaller opening of the female cavity 
55 so that the male micro-component 40 is locked/held in the 
cavity and automatically aligned in the Socket with respect 
to at least one electrode 500 disposed therein. This arrange 
ment provides an added degree of flexibility for micro 
component placement. In another embodiment, this Socket 
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Structure provides a means by which cylindrical micro 
components may be fed through the Sockets on a row-by 
row basis or in the case of a Single long cylindrical micro 
component (although other shapes would work equally well) 
fed/woven throughout the entire light-emitting panel. 

In another embodiment of the present invention, as shown 
in FIG. 18, a method for making a light-emitting panel 
includes weaving a Single micro-component 40 through each 
socket 30 for the entire length of the light-emitting panel. 
Any socket 30 formed in the shape of a channel will work 
equally well in this embodiment. In a preferred embodiment, 
however, the Socket illustrates in FIG. 17, and described 
above, is used. AS the Single micro-component 40 is being 
woven/fed through the Socket channels and as the Single 
micro-component reaches the end of a channel, it is con 
templated in an embodiment that the micro-component 40 
will be heat treated so as to allow the micro-component 40 
to bend around the end of the Socket channel. In another 
embodiment, as shown in FIG. 19, a method for making a 
color light-emitting panel includes weaving a plurality of 
micro-components 40, each configured to emit a specific 
color of visible light, alternatingly through the entire light 
emitting panel. For example, as shown in FIG. 19, a red 
micro-component 41, a green micro-component 42 and a 
blue micro-component 43 are woven/fed through the Socket 
channels. Alternatively, a color light-emitting panel may be 
made by alternatingly coating the inside of each Socket 
channel with a specific color phosphor or other UV conver 
Sion material, and then weaving/feeding a plurality of micro 
components through the Socket channels for the entire length 
of the light-emitting panel. 

Other embodiments and uses of the present invention will 
be apparent to those skilled in the art from consideration of 
this application and practice of the invention disclosed 
herein. The present description and examples should be 
considered exemplary only, with the true Scope and Spirit of 
the invention being indicated by the following claims. AS 
will be understood by those of ordinary skill in the art, 
variations and modifications of each of the disclosed 
embodiments, including combinations thereof, can be made 
within the scope of this invention as defined by the following 
claims. 
What is claimed is: 
1. A method for adhering micro-components to a partially 

conductive Substrate having conductive areas printed 
thereon, comprising: 

passing the partially conductive Substrate within printing 
View of a first insertion tool containing an adherent; 

depositing a portion of the adherent onto the conductive 
areas of the partially conductive Substrate; 

passing the partially conductive Substrate having the 
portion of adherent thereon within printing view of a 
Second insertion tool containing at least one micro 
component; and 

depositing the at least one micro-component onto the 
portion of adherent located on the conductive area of 
the partially conductive Substrate. 

2. The method according to claim 1, wherein the first and 
Second insertion tools utilize piezoelectric actuators during 
the deposition of the portion of the adherent and the at least 
one micro-component. 

3. The method according to claim 1, wherein the partially 
conductive Substrate contains a Socket therein for receiving 
the portion of the adherent and the at least one micro 
component. 

4. The method according to claim 1, wherein the at least 
one micro-component contains a rare gas halide. 
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5. A method for depositing a plurality of micro 
components onto predetermined portions of a Substrate 
comprising: 

charging the predetermined portions of the Substrate with 
a first charge; 

charging the plurality of micro-components with a Second 
charge, wherein the first charge and the Second charge 
are opposite charges, and 

introducing the plurality of charged micro-components to 
the charged Substrate wherein the charged micro 
components are electroStatically attracted to the 
charged predetermined portions of the Substrate. 

6. A method for depositing a plurality of micro 
components onto predetermined portions of a Substrate 
comprising: 

charging a first predetermined portion of the Substrate 
with a first charge; 

charging a first Set of the plurality of micro-components 
with a Second charge, wherein the first charge and the 
Second charge are opposite charges, 

introducing the first Set of charged micro-components to 
the first charged portion of the Substrate wherein the 
first Set of charged micro-components is electroStati 
cally attracted to the first charged portion of the Sub 
Strate, 

facilitating removal of micro-components from the first 
Set of charged micro-components that did not adhere to 
the first charged portion of the Substrate by means of a 
force applied to the Substrate; 

charging a second predetermined portion of the Substrate 
with the first charge; 

charging a Second set of the plurality of micro 
components with the Second charge, wherein the first 
charge and the Second charge are opposite charges, 

introducing the Second Set of charged micro-components 
to the Second charged portion of the Substrate wherein 
the Second Set of charged micro-components is elec 
troStatically attracted to the Second charged portion of 
the Substrate; 

applying force to the Substrate in order to remove micro 
components from the Second Set of charged micro 
components that did not adhere to the Second charged 
portion of the Substrate, 

charging a third predetermined portion of the Substrate 
with the first charge; 

1O 
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charging a third Set of the plurality of micro-components 

with the Second charge, wherein the first charge and the 
Second charge are opposite charges, 

introducing the third Set of charged micro-components to 
the third charged portion of the Substrate wherein the 
third Set of charged micro-components is electroStati 
cally attracted to the third charged portion of the 
Substrate; and 

applying force to the Substrate in order to remove micro 
components front the third set of charged micro 
components that did not adhere to the third charged 
portion of the Substrate. 

7. The method according to claim 6, wherein the first, 
Second, and third Sets of micro-components represent each 
of the three primary colors. 

8. The method according to claim 6, wherein the force 
applied is ultraSonic. 

9. The method according to claim 6, wherein the first, 
Second, and third predetermined portions of the Substrate are 
within Sockets formed in the Substrate. 

10. The method according to claim 6, wherein the first, 
Second, and third predetermined portions of the Substrate are 
proximate to a conductor. 

11. The method according to claim 9, wherein each of the 
Sockets is proximate to at least one conductor. 

12. The method according to claim 6, wherein the micro 
components contain a rare gas halide. 

13. A continuous process for fabricating a plurality of 
light-emitting panels comprising: 

providing a first continuous line of Substrate having a 
plurality of parallel conductors thereon; 

passing the Substrate within printing view of a first 
insertion tool containing an adherent; 

depositing portions of the adherent onto area of the 
parallel conductors, 

passing the Substrate having the portions of adherent 
thereon within printing view of Second insertion tool 
containing multiple micro-components, and 

depositing the multiple micro-components onto the por 
tions of adherent located on the parallel conductors; 

disposing a Second Substrate over the first Substrate Such 
that the plurality of micro-components are Sandwiched 
between the first Substrate and the Second Substrate; and 

cutting the first Substrate and the Second Substrate to form 
the plurality light-emitting panels. 

k k k k k 
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METHOD AND APPARATUS FOR 
ADDRESSING MICRO-COMPONENTS IN A 

PLASMA DISPLAY PANEL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The following application is a Continuation-In-Part of 
co-pending U.S. patent application Ser. No. 09/697,345 filed 
Oct. 27, 2000 now U.S. Pat. No. 6,570,335. 
The entire disclosures of U.S. patent application Ser. Nos. 

09/697,498, 09/697,346, 09/697,358, and 09/697,344 all of 
which were filed on Oct. 27, 2000 are hereby incorporated 
herein by reference. In addition, the entire disclosures of the 
following applications filed on the same date as the present 
application are hereby incorporated herein by reference: 
Method for On-line Testing of a Light-Emiting Panel; 
Design, Fabrication, Testing and Conditioning of Micro 
Components for Use in a Light-Emitting Panel; Liquid 
Manufacturing Process for Panel Layer Fabrication; and Use 
of Printing and Other Technology for Micro-Component 
Placement. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to methods and Systems for 
addressing and energizing micro-components in a light 
emitting display. 

2. Description of Related Art 
In a typical plasma display, a gas or mixture of gases is 

enclosed between orthogonally crossed and spaced conduc 
tors. The crossed conductorS define a matrix of croSS over 
points, arranged as an array of miniature picture elements 
(pixels), which provide light. At any given pixel, the 
orthogonally crossed and Spaced conductors function as 
opposed plates of a capacitor, with the enclosed gas Serving 
as a dielectric. When a Sufficiently large Voltage is applied, 
the gas at the pixel breaks down creating free electrons that 
are drawn to the positive conductor and positively charged 
gas ions that are drawn to the negatively charged conductor. 
These free electrons and positively charged gas ions collide 
with other gas atoms causing an avalanche effect creating 
Still more free electrons and positively charged ions, thereby 
creating plasma. The Voltage level at which this ionization 
occurs is called the write Voltage. 
Upon application of a write Voltage, the gas at the pixel 

ionizes and emits light only briefly as free charges formed by 
the ionization migrate to the insulating dielectric walls of the 
cell where these charges produce an opposing Voltage to the 
applied Voltage and thereby extinguish the ionization. Once 
a pixel has been written, a continuous Sequence of light 
emissions can be produced by an alternating Sustain Voltage. 
The amplitude of the Sustain waveform can be less than the 
amplitude of the write Voltage, because the wall charges that 
remain from the preceding write or Sustain operation pro 
duce a Voltage that adds to the Voltage of the Succeeding 
Sustain waveform applied in the reverse polarity to produce 
the ionizing Voltage. Mathematically, the idea can be set out 
as V=V-V, where V is the Sustain Voltage, V is the 
write voltage, and V is the wall voltage. Accordingly, a 
previously unwritten (or erased) pixel cannot be ionized by 
the Sustain waveform alone. An erase operation can be 
thought of as a write operation that proceeds only far enough 
to allow the previously charged cell walls to discharge; it is 
Similar to the write operation except for timing and ampli 
tude. 
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Typically, there are two different arrangements of con 

ductors that are used to perform the write, erase, and Sustain 
operations. The one common element throughout the 
arrangements is that the Sustain and the address electrodes 
are spaced apart with the plasma-forming gas in between. 
Thus, at least one of the address or Sustain electrodes is 
located within the path the radiation travels, when the 
plasma-forming gas ionizes, as it exits the plasma display. 
Consequently, transparent or Semi-transparent conductive 
materials must be used, Such as indium tin oxide (ITO), So 
that the electrodes do not interfere with the displayed image 
from the plasma display. Using ITO, however, has Several 
disadvantages, for example, ITO is expensive and adds 
Significant cost to the manufacturing process and ultimately 
the final plasma display. 
The first arrangement uses two orthogonally crossed 

conductors, one addressing conductor and one Sustaining 
conductor. In a gas panel of this type, the Sustain waveform 
is applied acroSS all the addressing conductors and Sustain 
conductors So that the gas panel maintains a previously 
written pattern of light emitting pixels. For a conventional 
write operation, a Suitable write Voltage pulse is added to the 
Sustain Voltage waveform So that the combination of the 
write pulse and the Sustain pulse produces ionization. In 
order to write an individual pixel independently, each of the 
addressing and Sustain conductorS has an individual Selec 
tion circuit. Thus, applying a Sustain waveform acroSS all the 
addressing and Sustain conductors, but applying a write 
pulse acroSS only one addressing and one Sustain conductor 
will produce a write operation in only the one pixel at the 
interSection of the Selected addressing and Sustain conduc 
torS. 

The Second arrangement uses three conductors. In panels 
of this type, called coplanar Sustaining panels, each pixel is 
formed at the interSection of three conductors, one address 
ing conductor and two parallel Sustaining conductors. In this 
arrangement, the addressing conductor orthogonally crosses 
the two parallel Sustaining conductors. With this type of 
panel, the Sustain function is performed between the two 
parallel Sustaining conductors and the addressing is done by 
the generation of discharges between the addressing con 
ductor and one of the two parallel Sustaining conductors. 
The Sustaining conductors are of two types, addressing 

Sustaining conductors and Solely Sustaining conductors. The 
function of the addressing-Sustaining conductorS is twofold: 
to achieve a Sustaining discharge in cooperation with the 
Solely Sustaining conductors, and to fulfill an addressing 
role. Consequently, the addressing-Sustaining conductors are 
individually Selectable So that an addressing waveform may 
be applied to any one or more addressing-Sustaining con 
ductors. The Solely Sustaining conductors, on the other hand, 
are typically connected in Such a way that a Sustaining 
waveform can be simultaneously applied to all of the Solely 
Sustaining conductors So that they can be carried to the same 
potential in the same instant. 
Numerous types of plasma panel display devices have 

been constructed with a variety of methods for enclosing a 
plasma forming gas between Sets of electrodes. In one type 
of plasma display panel, parallel plates of glass with wire 
electrodes on the Surfaces thereof are spaced uniformly apart 
and Sealed together at the outer edges with the plasma 
forming gas filling the cavity formed between the parallel 
plates. Although widely used, this type of open display 
Structure has various disadvantages. The Sealing of the outer 
edges of the parallel plates and the introduction of the 
plasma forming gas are both expensive and time-consuming 
processes, resulting in a costly end product. In addition, it is 
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particularly difficult to achieve a good Seal at the Sites where 
the electrodes are fed through the ends of the parallel plates. 
This can result in gas leakage and a shortened product 
lifecycle. Another disadvantage is that individual pixels are 
not segregated within the parallel plates. As a result, gas 
ionization activity in a Selected pixel during a write opera 
tion may spill over to adjacent pixels, thereby raising the 
undesirable prospect of possibly igniting adjacent pixels. 
Even if adjacent pixels are not ignited, the ionization activity 
can change the turn-on and turn-off characteristics of the 
nearby pixels. 

In another type of known plasma display, individual 
pixels are mechanically isolated either by forming trenches 
in one of the parallel plates or by adding a perforated 
insulating layer Sandwiched between the parallel plates. 
These mechanically isolated pixels, however, are not com 
pletely enclosed or isolated from one another because there 
is a need for the free passage of the plasma forming gas 
between the pixels to assure uniform gas preSSure through 
out the panel. While this type of display Structure decreases 
Spill over, Spill over is Still possible because the pixels are 
not in total electrical isolation from one another. In addition, 
in this type of display panel it is difficult to properly align the 
electrodes and the gas chambers, which may cause pixels to 
misfire. AS with the open display Structure, it is also difficult 
to get a good Seal at the plate edges. Furthermore, it is 
expensive and time consuming to introduce the plasma 
producing gas and Seal the outer edges of the parallel plates. 

In yet another type of known plasma display, individual 
pixels are also mechanically isolated between parallel plates. 
In this type of display, the plasma forming gas is contained 
in transparent spheres formed of a closed transparent shell. 
Various methods have been used to contain the gas filled 
Spheres between the parallel plates. In one method, Spheres 
of varying Sizes are tightly bunched and randomly distrib 
uted throughout a Single layer, and Sandwiched between the 
parallel plates. In a Second method, Spheres are embedded in 
a sheet of transparent dielectric material and that material is 
then sandwiched between the parallel plates. In a third 
method, a perforated Sheet of electrically nonconductive 
material is Sandwiched between the parallel plates with the 
gas filled spheres distributed in the perforations. 

While each of the types of displays discussed above are 
based on different design concepts, the manufacturing 
approach used in their fabrication is generally the same. 
Conventionally, a batch fabrication process is used to manu 
facture these types of plasma panels. AS is well known in the 
art, in a batch process individual component parts are 
fabricated separately, often in different facilities and by 
different manufacturers, and then brought together for final 
assembly where individual plasma panels are created one at 
a time. Batch processing has numerous shortcomings, Such 
as, for example, the length of time necessary to produce a 
finished product. Long cycle times increase product cost and 
are undesirable for numerous additional reasons known in 
the art. For example, a sizeable quantity of Substandard, 
defective, or useleSS fully or partially completed plasma 
panels may be produced during the period between detection 
of a defect or failure in one of the components and an 
effective correction of the defect or failure. 

This is especially true of the first two types of displays 
discussed above; the first having no mechanical isolation of 
individual pixels, and the Second with individual pixels 
mechanically isolated either by trenches formed in one 
parallel plate or by a perforated insulating layer Sandwiched 
between two parallel plates. Due to the fact that plasma 
forming gas is not isolated at the individual pixel/Subpixel 
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level, the fabrication process precludes the majority of 
individual component parts from being tested until the final 
display is assembled. Consequently, the display can only be 
tested after the two parallel plates are Sealed together and the 
plasma-forming gas is filled inside the cavity between the 
two plates. If post production testing shows that any number 
of potential problems have occurred, (e.g. poor lumines 
cence or no luminescence at Specific pixels/subpixels) the 
entire display is discarded. 

SUMMARY OF THE INVENTION 

The present invention provides a light-emitting display or 
panel that can function as a large-area radiation Source, as an 
energy modulator, as a particle detector, or as a flat-panel 
display Such as a plasma-type display. Gas-plasma panels 
are preferred for these applications due to their unique 
characteristics. 
The light-emitting display is used as a large area radiation 

Source. By configuring the light-emitting display to emit 
ultraViolet (UV) light, the display has application for curing, 
painting, and Sterilization. With the addition of one or more 
phosphor coatings to convert the UV light to visible white 
light, the display also has application as an illumination 
SOCC. 

Alternatively, the light-emitting display may be used as a 
plasma-Switched phase array by configuring the display in a 
microwave transmission mode. The display is configured 
Such that during ionization the plasma-forming gas creates a 
localized index of refraction change for the microwaves 
(although other wavelengths of light would work). The 
microwave beam from the display can then be steered or 
directed in any desirable pattern by introducing at a local 
ized area a phase shift, directing the microwaves out of a 
Specific aperture in the display, or a combination thereof. 

Additionally, the light-emitting display is used for 
particle/photon detection. In this embodiment, the light 
emitting display is Subjected to a potential that is just slightly 
below the write voltage required for ionization. When the 
device is Subjected to outside energy at a Specific position or 
location in the panel, that additional energy causes the 
plasma forming gas in the Specific area to ionize, thereby 
providing a means of detecting outside energy. 

Further, the light-emitting display is used as a flat-panel 
display. This display can be manufactured very thin and 
lightweight, when compared to Similar sized cathode ray 
tube (CRTs), making it ideally suited for home, office, 
theaters and billboards. In addition, this display can be 
manufactured in large sizes and with Sufficient resolution to 
accommodate high-definition television (HDTV). Gas 
plasma panels do not Suffer from electromagnetic distortions 
and are, therefore, Suitable for applications Strongly affected 
by magnetic fields, Such as military applications, radar 
Systems, railway Stations and other underground Systems. 

According to one embodiment of the present invention, a 
light-emitting display is made from two Substrates, wherein 
one of the Substrates includes a plurality of Sockets and 
wherein at least two electrodes are disposed. At least par 
tially disposed in each Socket is a micro-component, 
although more than one micro-component may be disposed 
therein. Each micro-component includes a shell at least 
partially filled with a gas or gas mixture capable of ioniza 
tion. When a large enough Voltage is applied across the 
micro-component the gas or gas mixture ionizes, forming 
plasma and emitting radiation. 

In another embodiment of the present invention, the 
plurality of Sockets include a cavity that is patterned in the 
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first Substrate and at least two electrodes adhered to the first 
Substrate, the Second Substrate or any combination thereof. 

The plurality of Sockets can include a cavity that is 
patterned in the first Substrate and at least two electrodes that 
are arranged So that Voltage Supplied to the electrodes causes 
at least one micro-component to emit radiation throughout 
the field of view of the light-emitting display without the 
radiation crossing the electrodes. 

In another embodiment, the first Substrate includes a 
plurality of material layers and a Socket formed by Selec 
tively removing a portion of the plurality of material layers 
to form a cavity. At least one electrode is disposed on or 
within the material layers. 

The Socket can include a cavity patterned in a first 
Substrate, a plurality of material layers disposed on the first 
Substrate So that the plurality of material layers conform to 
the shape of the Socket and at least one electrode disposed 
within the material layers. 

In one embodiment, a plurality of material layers, each 
including an aperture, are disposed on a Substrate. In this 
embodiment, the material layers are disposed So that the 
apertures are aligned, thereby forming a cavity. 
The present invention is also directed to methods of 

addressing and triggering Selected micro-components in the 
light-emitting display and to configurations of the light 
emitting display that Support these addressing methods. For 
example, the light-emitting display can be divided, either 
logically or physically into a plurality of electrically coupled 
panels. Each one of these panels can be provided with 
Separate circuitry to address and trigger the micro 
components contained within that particular panel. The 
function of Sustaining the micro-components components is 
preferably handled simultaneously for all of the micro 
components in the display. The panels can be addressed in 
parallel, providing for more efficient display operation. In 
addition, the triggering electrodes can be attached to Voltage 
Sources directly through the back of the panel or at the 
junctions of the panels, simplifying the circuitry and 
addressing Schemes and increasing manufacturing flexibility 
by enabling the manufacture of multiple display sizes on a 
Single fabrication line. 

In order to decrease the Voltages necessary to address and 
trigger Selected micro-components as well as to eliminate 
the cost associated with high Voltage electronics, the display 
includes one or more voltage multipliers. When combined 
with a display divided into panels, at least one Voltage 
multiplier is provided for each panel. Addressing of micro 
components can then be handled with low Voltage, i.e. from 
about 0 volts up to about 20 volts, circuitry and then this low 
Voltage can be increased or ramped-up by the Voltage 
multiplier just prior to delivery to the Selected micro 
components. 

Selected individual micro-components in the display of 
the present invention can also be triggered using light. A 
pure two electrode configuration is used to Simultaneously 
Subject all of the micro-components to a Sustain Voltage 
below the trigger Voltage. Light or photons from a light 
Source are then directed to the Selected micro-components, 
causing an effective decrease in the triggering Voltage of the 
gas of those micro-components and producing radiation. 

Another arrangement of light-emitting display provides 
for adequate operation of the display using only about half 
the number of Sustain electrodes. In this arrangement, the 
Sustain electrodes are disposed between parallel rows of 
micro-components, and each Sustain electrode is electrically 
connected to the micro-components in both rows between 
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which it is disposed. Therefore, one Sustain electrode can be 
used to address two micro-components Simultaneously, one 
micro-component on either Side of the Sustain electrode. 
Therefore, the total number of Sustain electrodes needed to 
address all of the micro-components is reduced, preferably 
by about 50%. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages 
of this invention will become more apparent by reference to 
the following detailed description of the invention taken in 
conjunction with the accompanying drawings, wherein: 

FIG. 1 depicts a portion of a light-emitting display show 
ing the basic structure of a Socket formed from patterning a 
Substrate, as disclosed in an embodiment of the present 
invention; 

FIG. 2 depicts a portion of a light-emitting display show 
ing the basic structure of a Socket formed from patterning a 
Substrate, as disclosed in another embodiment of the present 
invention; 

FIG. 3A shows an example of a cavity that has a cube 
shape; 

FIG. 3B shows an example of a cavity that has a cone 
shape; 

FIG. 3C shows an example of a cavity that has a conical 
frustum shape; 

FIG. 3D shows an example of a cavity that has a parabo 
loid shape; 
FIG.3E shows an example of a cavity that has a spherical 

shape, 
FIG. 3F shows an example of a cavity that has a cylin 

drical shape; 
FIG. 3G shows an example of a cavity that has a pyramid 

shape; 
FIG. 3H shows an example of a cavity that has a pyra 

midal frustum shape; 
FIG. 3I shows an example of a cavity that has a paral 

lelepiped shape; 
FIG. 3J shows an example of a cavity that has a prism 

shape; 
FIG. 4 shows the Socket structure from a light-emitting 

display of an embodiment of the present invention with a 
narrower field of view; 

FIG. 5 shows the Socket structure from a light-emitting 
display of an embodiment of the present invention with a 
wider field of view; 

FIG. 6A depicts a portion of a light-emitting display 
showing the basic structure of a Socket formed from dis 
posing a plurality of material layers and then Selectively 
removing a portion of the material layers with the electrodes 
having a co-planar configuration; 

FIG. 6B is a cut-away of FIG. 6A showing in more detail 
the co-planar Sustaining electrodes, 

FIG. 7A depicts a portion of a light-emitting display 
showing the basic structure of a Socket formed from dis 
posing a plurality of material layers and then Selectively 
removing a portion of the material layers with the electrodes 
having a mid-plane configuration; 

FIG. 7B is a cut-away of FIG. 7A showing in more detail 
the uppermost Sustain electrode, 

FIG. 8 depicts a portion of a light-emitting display show 
ing the basic structure of a Socket formed from disposing a 
plurality of material layerS and then Selectively removing a 
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portion of the material layers with the electrodes having an 
configuration with two Sustain and two address electrodes, 
where the address electrodes are between the two Sustain 
electrodes, 

FIG. 9 depicts a portion of a light-emitting display show 
ing the basic structure of a Socket formed from patterning a 
Substrate and then disposing a plurality of material layers on 
the Substrate So that the material layers conform to the shape 
of the cavity with the electrodes having a co-planar con 
figuration; 

FIG. 10 depicts a portion of a light-emitting display 
showing the basic structure of a Socket formed from pat 
terning a Substrate and then disposing a plurality of material 
layerS on the Substrate So that the material layers conform to 
the shape of the cavity with the electrodes having a mid 
plane configuration; 

FIG. 11 depicts a portion of a light-emitting display 
showing the basic structure of a Socket formed from pat 
terning a Substrate and then disposing a plurality of material 
layerS on the Substrate So that the material layers conform to 
the shape of the cavity with the electrodes having an 
configuration with two Sustain and two address electrodes, 
where the address electrodes are between the two Sustain 
electrodes, 

FIG. 12 shows an exploded view of a portion of a 
light-emitting display showing the basic Structure of a Socket 
formed by disposing a plurality of material layers with 
aligned apertures on a Substrate with the electrodes having 
a co-planar configuration; 

FIG. 13 shows an exploded view of a portion of a 
light-emitting display showing the basic Structure of a Socket 
formed by disposing a plurality of material layers with 
aligned apertures on a Substrate with the electrodes having 
a mid-plane configuration; 

FIG. 14 shows an exploded view of a portion of a 
light-emitting display showing the basic Structure of a Socket 
formed by disposing a plurality of material layers with 
aligned apertures on a Substrate with electrodes having a 
configuration with two Sustain and two address electrodes, 
where the address electrodes are between the two Sustain 
electrodes, 

FIG. 15 is a schematic representation from the front of a 
light-emitting display of the present invention constructed 
from a plurality of panels, 

FIG. 16 is a Schematic representation of one panel thereof; 
FIG. 17 is a view line 17-17 of FIG. 16; 
FIG. 18 is a view of an embodiment of the panel through 

line 18–18 of FIG. 16; 
FIG. 19 is a view of another embodiment of the panel of 

in the view of FIG. 18; 
FIG. 20 is another embodiment of the view of FIG. 17 

containing Voltage multipliers, 
FIG. 21 is a schematic representation of the view of FIG. 

17 of an embodiment of the panel for use with photo 
addressing; 
FIG.22 is a Schematic representation of another embodi 

ment of a panel of FIG. 21 photo-addressing; 
FIG. 23 is a schematic representation from the front of an 

embodiment of the panel providing for a decreased number 
of Sustain electrodes, and 

FIG. 24 is a view through line 24-24 of FIG. 23. 
DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

As embodied and broadly described herein, the preferred 
embodiments of the present invention are directed to a novel 
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8 
light-emitting display. In particular, preferred embodiments 
are directed to light-emitting displays and to a web fabrica 
tion proceSS for manufacturing light-emitting displayS. 

FIGS. 1 and 2 show two embodiments of the present 
invention wherein a light-emitting display includes a first 
Substrate 10 and a second Substrate 20. The first Substrate 10 
may be made from Silicates, polypropylene, quartz, glass, 
any polymeric-based material or any material or combina 
tion of materials known to one skilled in the art. Similarly, 
Second Substrate 20 may be made from Silicates, 
polypropylene, quartz, glass, any polymeric-based material 
or any material or combination of materials known to one 
skilled in the art. First Substrate 10 and second Substrate 20 
may both be made from the Same material or each of a 
different material. Additionally, the first and second Sub 
Strates may be made of a material that dissipates heat from 
the light-emitting display. In a preferred embodiment, each 
Substrate is made from a material that is mechanically 
flexible. 
The first substrate 10 includes a plurality of sockets 30. 

The Sockets 30 may be disposed in any pattern, having 
uniform or non-uniform spacing between adjacent Sockets. 
Patterns may include, but are not limited to, alphanumeric 
characters, Symbols, icons, or pictures. Preferably, the Sock 
ets 30 are disposed in the first substrate 10 so that the 
distance between adjacent Sockets 30 is approximately 
equal. Sockets 30 may also be disposed in groupS. Such that 
the distance between one group of Sockets and another group 
of Sockets is approximately equal. This latter approach may 
be particularly relevant in color light-emitting displayS, 
where each Socket in each group of Sockets may represent 
red, green and blue, respectively. 
At least partially disposed in each Socket 30 is at least one 

micro-component 40. Multiple micro-components may be 
disposed in a Socket to provide increased luminosity and 
enhanced radiation transport efficiency. In a color light 
emitting display according to one embodiment of the present 
invention, a single Socket Supports three micro-components 
configured to emit red, green, and blue light, respectively. 
The micro-components 40 may be of any shape, including, 
but not limited to, Spherical, cylindrical, aspherical, capillary 
shaped and capillary shaped with pinched regions also 
referred to as Sausage shaped. In addition, it is contemplated 
that a micro-component 40 includes a micro-component 
placed or formed inside another Structure, Such as placing a 
Spherical micro-component inside a cylindrical-shaped 
Structure. In a color light-emitting display according to an 
embodiment of the present invention, each cylindrical 
shaped Structure holds micro-components configured to emit 
a single color of Visible light or multiple colors arranged red, 
green, blue, or in Some other Suitable color arrangement. 

In its most basic form, each micro-component 40 includes 
a shell 50 filled with a plasma-forming gas or gas mixture 
45. Any Suitable gas or gas mixture 45 capable of ionization 
may be used as the plasma-forming gas, including, but not 
limited to, krypton, Xenon, argon, neon, oxygen, helium, 
mercury, and mixtures thereof. In fact, any noble gas could 
be used as the plasma-forming gas, including, but not 
limited to, noble gases mixed with cesium or mercury. 
Further, rare gas halide mixtures Such as Xenon chloride, 
Xenon flouride and the like are also Suitable plasma-forming 
gases. Rare gas halides are efficient radiators having radi 
ating wavelengths over the approximate range of 190 nm to 
350 nm., i.e., longer than that of pure xenon (147 to 170 nm). 
Using compounds Such as Xenon chloride that radiates near 
310 nm results in an overall quantum efficiency gain, i.e., a 
factor of two or more, given by the mixture ratio. Still 
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further, in another embodiment of the present invention, rare 
gas halide mixtures are also combined with other plasma 
forming gases as listed above. AS this description is not 
limiting, one skilled in the art would recognize other gasses 
or gas mixtures that could also be used. While a plasma 
forming gas or gas mixture 45 is used in a preferred 
embodiment, any other material capable of providing lumi 
nescence is also contemplated, Such as an electro 
luminescent material, organic light-emitting diodes 
(OLEDs), or an electro-phoretic material. 

There are a variety of coatings 300 (FIG. 2) and dopants 
that may be added to a micro-component 40 that also 
influence the performance and characteristics of the light 
emitting display. The coatings 300 may be applied to the 
outside or inside of the shell 50, and may either partially or 
fully coat the shell 50. Alternatively, or in combination with 
the coatings and dopants that may be added to a micro 
component 40, a variety of coatings 350 (FIG. 1) may be 
disposed on the inside of a socket 30. These coatings 350 
include, but are not limited to, coatings used to convert UV 
light to visible light, coatings used as reflecting filters, and 
coatings used as band-gap filters. 

The micro-component 40 structures of the present inven 
tion yield a more efficient utilization of both the time 
available and the energy necessary to excite one or more 
micro-components. In conventional displayS, adjacent pixels 
are not completely or adequately isolated from one another, 
and the ultraViolet, visible, and infrared radiation and 
charged species (ions and/or electrons) generated in one 
pixel can either excite phosphors in communicating pixels or 
change charge accumulations that will affect the triggering 
of these pixels. The time required for this cross-talk from an 
operating pixel to affect communicating pixels is shorter 
than the duration of a typical "frame', that is, less that about 
a thirtieth of a Second. The result is poor display perfor 
mance Such as a fuzzy picture. In order to prevent the effects 
of the radiation and/or charged species from one pixel 
affecting communicating pixels, the electrodes of the 
affected pixels need to be completely reset into a known 
charge State. The pixel is then turned back on or 
re-addressed. Typically, this occurs multiple times per 
frame, costing energy and frame time. Micro-component 
Structures that eliminate the need to reset pixels multiple 
times during each frame Save the energy required for Such 
resetting, raising the display efficiency, and allow more time 
per frame for light emission, raising the display brightness. 
Resetting pixels multiple times per frame is not required in 
the Sphere-shaped and Sausage-capillary-shaped micro 
component arrangements of the present invention. Because 
the gas within each micro-component is Separated from gas 
in the other micro-components and the micro-components 
are separated by dielectric material, the radiation and 
charged Species generated in the micro-components of the 
present invention do not affect adjacent micro-components 
during a frame. Therefore, each pixel does not have to be 
reset but instead can be addressed once and left running for 
an entire frame or, if desired, for multiple frames. The 
light-emitting display of the present invention provides the 
benefits of getting more lumens out of a display, Saving the 
power and frame time associated with resetting each pixel 
multiple times per frame, and preventing the generation of 
exceSS Visible radiation associated with resetting pixels that 
reduces the display contrast. 
As is best shown in FIGS. 3A-3J, a cavity 55 formed 

within and/or on the first Substrate 10 provides the basic 
socket 30 structure. The cavity 55 may be any shape and 
size. Suitable shapes for the cavity 55 include, but are not 
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limited to, a cube 100, a cone 110, a conical frustum 120, a 
paraboloid 130, spherical 140, cylindrical 150, a pyramid 
160, a pyramidal frustum 170, a parallelepiped 180, or a 
prism 190. 

Referring to FIGS. 4 and 5, the size and shape of the 
Socket 30 influence the performance and characteristics of 
the light-emitting display and are Selected to optimize the 
display's efficiency of operation. In addition, Socket geom 
etry may be Selected based on the shape and size of the 
micro-component to optimize the Surface contact between 
the micro-component and the Socket and/or to ensure con 
nectivity of the micro-component and any electrodes dis 
posed within the Socket. Further, the Size and shape of the 
Sockets 30 may be chosen to optimize photon generation and 
provide increased luminosity and radiation transport effi 
ciency. For example, the size and shape may be chosen to 
provide a field of view 400 with a specific angle 0, such that 
a micro-component 40 disposed in a deep Socket 30 may 
provide more collimated light and hence a narrower viewing 
angle 0 (FIG. 4), while a micro-component 40 disposed in 
a shallow socket 30 may provide a wider viewing angle 0 
(FIG. 5). That is to say, the cavity may be sized, for example, 
So that its depth Subsumes a micro-component deposited in 
a Socket, or it may be made shallow So that a micro 
component is only partially disposed within a Socket. 
As illustrated, for example, in FIGS. 3A-3J, in one 

embodiment of the light-emitting display, a cavity 55 is 
formed, or patterned, in a Substrate 10 to create a basic 
Socket shape. The cavity may be formed in any Suitable 
shape and size by any combination of physically, 
mechanically, thermally, electrically, optically, or chemi 
cally deforming the Substrate. Disposed proximate to, and/or 
in, each Socket may be one or more layers of a variety of 
enhancement materials 325. The enhancement materials 325 
include, but are not limited to, anti-glare coatings, touch 
Sensitive Surfaces, contrast enhancement coatings, protec 
tive coatings, transistors, integrated-circuits, Semiconductor 
devices, inductors, capacitors, resistors, control electronics, 
drive electronics, diodes, pulse-forming networks, pulse 
compressors, pulse transformers, and tuned-circuits. 

In another embodiment of the light-emitting display as 
illustrated in FIGS. 4-5, a socket 30 is formed by disposing 
a plurality of material layers 60 to form a first Substrate 10, 
disposing at least one electrode either on or within the 
material layers, and Selectively removing a portion of the 
material layers 60 to create a cavity. The material layers 60 
include any combination, in whole or in part, of dielectric 
materials, metals, and enhancement materials 325. The 
enhancement materials 325 include, but are not limited to, 
anti-glare coatings, touch Sensitive Surfaces, contrast 
enhancement coatings, protective coatings, transistors, 
integrated-circuits, Semiconductor devices, inductors, 
capacitors, resistors, control electronics, drive electronics, 
diodes, pulse-forming networks, pulse compressors, pulse 
transformers, and tuned-circuits. The placement of the mate 
rial layerS 60 may be accomplished by any transfer process, 
photolithography, Xerographic-type processes, plasma 
deposition, Sputtering, laser deposition, chemical deposition, 
Vapor deposition, or deposition using inkjet technology. 
One of general skill in the art will recognize other appro 
priate methods of disposing a plurality of material layers. 
The socket 30 may be formed in the material layers 60 by a 
variety of methods including, but not limited to, wet or dry 
etching, photolithography, laser heat treatment, thermal 
form, mechanical punch, embossing, Stamping-out, drilling, 
electroforming or by dimpling. 

In yet another embodiment of the light-emitting display as 
shown for example in FIGS. 9-11, a socket 30 is formed by 
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patterning a cavity 55 in a first Substrate 10, disposing a 
plurality of material layers 65 on the first substrate 10 so that 
the material layers 65 conform to the cavity 55, and dispos 
ing at least one electrode on the first Substrate 10, within the 
material layers 65, or any combination thereof. The cavity 
may be formed in any Suitable shape and Size by any 
combination of physically, mechanically, thermally, 
electrically, optically, or chemically deforming the Substrate. 
The material layers 65 include any combination, in whole or 
in part, of dielectric materials, metals, and enhancement 
materials 325. The enhancement materials 325 include, but 
are not limited to, anti-glare coatings, touch Sensitive 
Surfaces, contrast enhancement coatings, protective 
coatings, transistors, integrated-circuits, Semiconductor 
devices, inductors, capacitors, resistors, control electronics, 
drive electronics, diodes, pulse-forming networks, pulse 
compressors, pulse transformers, and tuned-circuits. The 
placement of the material layers 65 may be accomplished by 
any transfer process, photolithography, Xerographic-type 
processes, plasma deposition, Sputtering, laser deposition, 
chemical deposition, vapor deposition, or deposition using 
ink jet technology. One of general skill in the art will 
recognize other appropriate methods of disposing a plurality 
of material layers on a Substrate. 

In an embodiment for making the light-emitting display 
including a plurality of Sockets, as illustrated, for example, 
in FIGS. 12-14, a socket 30 is formed by disposing a 
plurality of material layers 66 on a first substrate 10 and 
disposing at least one electrode on the first Substrate 10, 
within the material layers 66, or any combination thereof. 
Each of the material layers includes a preformed aperture 56 
that extends through the entire material layer. The apertures 
may be of the same size or may be of different sizes. The 
plurality of material layers 66 are disposed on the first 
Substrate with the apertures in alignment thereby forming 
the socket 30. The material layers 66 include any 
combination, in whole or in part, of dielectric materials, 
metals, and enhancement materials 325. The enhancement 
materials 325 include, but are not limited to, anti-glare 
coatings, touch Sensitive Surfaces, contrast enhancement 
coatings, protective coatings, transistors, integrated-circuits, 
Semiconductor devices, inductors, capacitors, resistors, 
diodes, control electronics, drive electronics, pulse-forming 
networks, pulse compressors, pulse transformers, and tuned 
circuits. The placement of the material layers 66 may be 
accomplished by any transfer process, photolithography, 
Xerographic-type processes, plasma deposition, Sputtering, 
laser deposition, chemical deposition, vapor deposition, or 
deposition using inkjet technology. One of general skill in 
the art will recognize other appropriate methods of disposing 
a plurality of material layers on a Substrate. 

In each of the above embodiments describing methods of 
making a Socket in a light-emitting display, disposed in, or 
proximate to, each Socket may be at least one enhancement 
material. AS Stated above, Suitable enhancement materials 
325 include, but are not limited to, anti-glare coatings, touch 
Sensitive Surfaces, contrast enhancement coatings, protec 
tive coatings, transistors, integrated-circuits, Semiconductor 
devices, inductors, capacitors, resistors, control electronics, 
drive electronics, diodes, pulse-forming networks, pulse 
compressors, pulse transformers, tuned-circuits, and combi 
nations thereof. In a preferred embodiment of the present 
invention the enhancement materials may be placed in, or 
proximate to, each Socket by transfer processes, 
photolithography, Sputtering, laser deposition, chemical 
deposition, vapor deposition, deposition using ink jet 
technology, mechanical means or combinations thereof. 
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In another embodiment of the present invention, the 

method for making the light-emitting display includes dis 
posing at least one electrical enhancement (e.g. transistors, 
integrated-circuits, Semiconductor devices, inductors, 
capacitors, resistors, control electronics, drive electronics, 
diodes, pulse-forming networks, pulse compressors, pulse 
transformers, tuned-circuits, and combinations thereof), in, 
or proximate to, each Socket by Suspending the at least one 
electrical enhancement in a liquid and flowing the liquid 
acroSS the first Substrate. AS the liquid flows acroSS the 
Substrate the at least one electrical enhancement will Settle 
in each Socket. Alternate Substances or means may also be 
used to move the electrical enhancements across the Sub 
Strate. Air can be used to move the electrical enhancements 
acroSS the Substrate. In an embodiment of the present 
invention the Socket is of a corresponding shape to the at 
least one electrical enhancement Such that the at least one 
electrical enhancement Self-aligns with the Socket. 
The electrical enhancements may be used in the light 

emitting display for a number of purposes including, but not 
limited to, lowering the Voltage necessary to ionize the 
plasma-forming gas in a micro-component, lowering the 
Voltage required to Sustain/erase the ionization charge in a 
micro-component, increasing the luminosity and/or radia 
tion transport efficiency of a micro-component, augmenting 
the frequency at which a micro-component is lit and com 
binations thereof. In addition, the electrical enhancements 
may be used in conjunction with the light-emitting display 
driving circuitry to alter the power requirements necessary 
to drive the light-emitting display. For example, a tuned 
circuit may be used in conjunction with the driving circuitry 
to allow a DC power Source to power an AC-type light 
emitting display. In one embodiment, a controller is pro 
Vided that is connected to the electrical enhancements and is 
capable of controlling their operation. Having the ability to 
individually control the electrical enhancements at the pixel 
or Subpixel level provides a means by which the character 
istics of individual micro-components may be altered or 
corrected after fabrication of the light-emitting display. 
These characteristics include, but are not limited to, the 
luminosity and the frequency at which a micro-component is 
lit. One skilled in the art will recognize other uses for 
electrical enhancements disposed in, or proximate to, each 
Socket in a light-emitting display. 
The electrical potential necessary to energize a micro 

component 40 is Supplied through at least two electrodes. 
The electrodes may be disposed in the light-emitting display 
using any technique known to one skilled in the art 
including, but not limited to, any transfer process, 
photolithography, Xerographic-type processes, plasma 
deposition, Sputtering, laser deposition, chemical deposition, 
Vapor deposition, deposition using inkjet technology, or 
mechanical means. In a general embodiment of the present 
invention, a light-emitting display includes a plurality of 
electrodes, wherein at least two electrodes are adhered to the 
first Substrate, the Second Substrate or any combination 
thereof and wherein the electrodes are arranged So that 
Voltage applied to the electrodes causes one or more micro 
components to emit radiation. In another general 
embodiment, a light-emitting display includes a plurality of 
electrodes, wherein at least two electrodes are arranged So 
that the Voltage Supplied to the electrodes causes one or 
more micro-components to emit radiation throughout the 
field of View of the light-emitting display without crossing 
or interSecting either of the electrodes. 

Referring to FIGS. 1 and 2, in one embodiment where the 
sockets 30 each include a cavity patterned in the first 
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substrate 10, at least two electrodes may be disposed on the 
first Substrate 10, the second substrate 20, or any combina 
tion thereof. The electrodes can be placed in the substrates 
either before the cavity is formed or after the cavity is 
formed. A Sustain electrode 70 is adhered on the second 
substrate 20 and an address or trigger electrode 80 is adhered 
on the first Substrate 10. In a preferred embodiment, at least 
one electrode adhered to the first Substrate 10 is at least 
partially disposed within the Socket. 

In an embodiment where the first Substrate 10 includes a 
plurality of material layers 60 and the sockets 30 are formed 
within the material,layers at least two electrodes may be 
disposed on the first substrate 10, disposed within the 
material layers 60, disposed on the second substrate 20, or 
any combination thereof. AS is shown, for example, in FIG. 
6A, a first address electrode 80 is disposed within the 
material layers 60, a first Sustain electrode 70 is disposed 
within the material layerS 60, and a Second Sustain electrode 
75 is disposed within the material layers 60, such that the 
first Sustain electrode and the Second Sustain electrode are in 
a co-planar configuration. FIG. 6B is a cut-away of FIG. 6A 
showing the arrangement of the co-planar Sustain electrodes 
70 and 75. In another embodiment, as shown in FIG. 7A, the 
second sustain electrode 75 is disposed on the first substrate 
10, a first address electrode 80 is disposed within the 
material layers 60, and the first Sustain electrode 70 is 
disposed within the material layers 60, such that the first 
address electrode is located between the first Sustain elec 
trode and the Second Sustain electrode in a mid-plane 
configuration. FIG. 7B is a cut-away of FIG. 7A showing the 
first Sustain electrode 70. In this mid-plane configuration, the 
Sustain function will be performed by the two Sustain 
electrodes much like in the co-planar configuration, and the 
address function will be performed between at least one of 
the Sustain electrodes and the address electrode. Energizing 
a micro-component with this arrangement of electrodes 
should produce increased luminosity. In a preferred embodi 
ment of the present invention as is shown in FIG. 8, a first 
sustain electrode 70 is disposed within the material layers 
60, a first address electrode 80 is disposed within the 
material layers 60, a second address electrode 85 is disposed 
within the material layerS 60, and a Second Sustain electrode 
75 is disposed within the material layers 60, such that the 
first address electrode and the Second address electrode are 
located between the first Sustain electrode and the Second 
Sustain electrode. This configuration completely separates 
the addressing or triggering functions from the Sustain 
electrodes. This arrangement should provide a simpler and 
cheaper means of addressing, Sustain and erasing, because 
complicated Switching means will not be required since 
different Voltage Sources may be used for the Sustain and 
address electrodes. In addition, by Separating the Sustain and 
address electrodes and using different Voltage Sources to 
provide the address and Sustain functions, different types of 
Voltage Sources may be used to provide the address or 
Sustain functions. For example, a lower Voltage Source can 
be used to address the micro-components. 

In the embodiments as shown in FIGS. 9-11 where a 
cavity 55 is patterned in the first Substrate 10 and a plurality 
of material layers 65 are disposed on the first substrate 10 so 
that the material layers conform to the cavity 55. At least two 
electrodes may be disposed on the first substrate 10, at least 
partially disposed within the material layerS 65, disposed on 
the second substrate 20, or any combination thereof. Elec 
trodes formed on the first Substrate may be placed either 
before the cavity is patterned or after the cavity is patterned. 
In one embodiment, as shown in FIG. 9, a first address 
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electrode 80 is disposed on the first substrate 10, a first 
sustain electrode 70 is disposed within the material layers 
65, and a second Sustain electrode 75 is disposed within the 
material layers 65, such that the first Sustain electrode and 
the Second Sustain electrode are in a co-planar configuration. 
In another embodiment, as shown in FIG. 10, the second 
sustain electrode 75 is disposed on the first Substrate 10, a 
first address electrode 80 is disposed within the material 
layers 65, and the first Sustain electrode 70 is disposed 
within the material layers 65, such that the first address 
electrode is located between the first Sustain electrode and 
the Second Sustain electrode in a mid-plane configuration. In 
this mid-plane configuration, the Sustain function will be 
performed by the two sustain electrodes much like in the 
co-planar configuration, and the address function will be 
performed between at least one of the Sustain electrodes and 
the address electrode. Energizing a micro-component with 
this arrangement of electrodes should produce increased 
luminosity. As is shown in FIG. 11, in a preferred embodi 
ment of the present invention, the Second Sustain electrode 
75 is disposed on the first Substrate 10, a first address 
electrode 80 is disposed within the material layers 65, a 
second address electrode 85 is disposed within the material 
layers 65, and the first Sustain electrode 70 is disposed 
within the material layers 65, such that the first address 
electrode and the Second address electrode are located 
between the first Sustain electrode and the Second Sustain 
electrode. This configuration Separates the addressing func 
tion from the Sustain electrodes. This arrangement should 
facilitate Simpler and cheaper methods of addressing, Sus 
taining and erasing, because complicated Switching methods 
will not be required since different voltage Sources can be 
used for the Sustain and address electrodes. By Separating 
the Sustain and address electrodes and using different Volt 
age Sources to address and Sustain the micro-components, a 
lower or different type of Voltage Source may be used to 
provide the address or Sustain functions. For example, a 
lower Voltage Source can be used to address the micro 
components. 

In the embodiments as illustrated in FIGS. 12-14, where 
a plurality of material layers 66 with aligned apertures 56 are 
disposed on a first Substrate 10 thereby creating cavities 55, 
at least two electrodes may be disposed on the first Substrate 
10, at least partially disposed within the material layers 65, 
disposed on the Second Substrate 20, or any combination 
thereof. In one embodiment, as shown in FIG. 12, a first 
address electrode 80 is disposed on the first substrate 10, a 
first Sustain electrode 70 is disposed within the material 
layers 66, and a second Sustain electrode 75 is disposed 
within the material layers 66, such that the first Sustain 
electrode and the Second Sustain electrode are in a co-planar 
configuration. In another embodiment, as shown in FIG. 13, 
a first Sustain electrode 70 is disposed on the first substrate 
10, a first address electrode 80 is disposed within the 
material layers 66, and a second Sustain electrode 75 is 
disposed within the material layers 66, such that the first 
address electrode is located between the first Sustain elec 
trode and the Second Sustain electrode in a mid-plane 
configuration. In this mid-plane addressing or triggering 
configuration, the Sustain function is performed by the two 
Sustain electrodes as in the co-planar configuration, and the 
address or trigger function is performed between at least one 
of the Sustain electrodes and the address electrode. Energiz 
ing a micro-component using this arrangement of electrodes 
should produce increased luminosity. In a preferred embodi 
ment of the present invention as shown in FIG. 14, a first 
sustain electrode 70 is disposed on the first Substrate 10, a 
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first address electrode 80 is disposed within the material 
layers 66, a second address electrode 85 is disposed within 
the material layers 66, and a second sustain electrode 75 is 
disposed within the material layers 66, such that the first 
address electrode and the Second address electrode are 
located between the first Sustain electrode and the Second 
Sustain electrode. This configuration Separates the address 
ing function from the Sustain electrodes. This arrangement 
should provide a simpler and leSS expensive means of 
addressing, Sustaining and erasing Selected micro 
components, because complicated Switching means are not 
required as different Voltage Sources can be used for the 
Sustain and address electrodes. By Separating the Sustain and 
address electrodes and using different Voltage Sources to 
address and Sustain the micro-components a lower or dif 
ferent type of Voltage Source may be used to provide the 
address or Sustain functions. For example, a lower Voltage 
Source can be used to address the micro-components. 

The present invention is also directed to devices and 
methods for addressing Selected pixels, Subpixels or micro 
components in the light emitting or plasma display. The 
devices and methods employ arrangements and methods of 
operation of light-emitting displays that increase the oper 
ating efficiency of these displayS. 

Referring to FIG. 15, to provide for improved addressing 
of micro-components, the light-emitting display 200 is bro 
ken down, either physically or logically into a plurality of 
electrically interconnected panels 201. A light emitting 
display can contain one or more of these panels 200. Each 
panel 201 contains an array of micro-components or pixels 
such as a 1x1, 10x10, or 100x100 micro-component 40 or 
pixel grid or array. 
As is best shown in FIGS. 15-17 each panel 201 includes 

first and second sets of opposing edges 202,203, a front 204 
and a back 205 opposite the front 204. Both the front 204 
and the back 205 of the panel 201 are bound by the first and 
second sets of opposing edges 202, 203. The front 204 
contains a plurality of the micro-components 40 of the 
present invention which are capable of emitting radiation 
when exposed to a triggering Voltage. Preferably, the micro 
components 40 emit ultra violet radiation. The voltages 
necessary to address, trigger, and Sustain Selected micro 
components 40 in the panels 201 can be supplied by the 
various arrangements of the electrodes, Substrates, and 
dielectrics of the present invention. 
AS is best shown in FIG. 17, at least one triggering 

electrode 206 is provided in the panel 201 and is electrically 
coupled to at least one of the micro-components 40. In this 
embodiment, the triggering electrode 206 is passed through 
the panel 201 to the back 205 of the panel 201. At least one 
voltage source 207 is located at the back 205 of the panel 
201 between the first and second sets of edges 202, 203 and 
is electrically coupled to the triggering electrode 206. Suit 
able Voltage Sources 207 are capable of Supplying a trigger 
ing Voltage to the micro-components 40 through the trig 
gering electrode 206. Alternatively, the panel 201 includes a 
plurality of triggering electrodes 206 electrically coupled to 
the plurality of micro-components 40. In addition, a plurality 
of voltage sources 207 can be electrically coupled to the 
plurality of triggering electrodes 206. 
As is best illustrated in FIG. 16 the micro-components 40 

within each panel 201 are addressed using row and column 
type addressing devices or drivers. Therefore, the plurality 
of micro-components 40 in each panel 201 are disposed in 
a common plane and are arranged in that plane in a grid 
pattern having a plurality of parallel rows 208 and a plurality 
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of parallel columns 209 arranged orthogonal to the plurality 
of rows 208. Preferably, each micro-component 40 is at a 
point of intersection of a row 208 and column 209 or where 
the rows 208 and columns 209 cross each other. 

Each panel 201 also includes a plurality of parallel Sustain 
electrodes electrically coupled to the micro-components. 
Preferably, the Sustain electrodes are arranged parallel to one 
of the rows and columns. The Sustain electrodes can be 
disposed in various layerS or locations throughout the panel 
201 and the Substrates or layers that make up each panel 201. 
In a preferred embodiment as is shown in FIG. 17, the 
Sustain electrodes are divided and arranged into a first Set of 
sustain electrodes 210 disposed in a first plane 211 parallel 
to the front 204 and back 205 and a second set of Sustain 
electrodes 212 disposed in a Second plane 213 Spaced from 
the first plane 211 and parallel thereto. 
The triggering electrodes 206 for delivering the necessary 

triggering Voltage to the micro-components 40 are electri 
cally coupled to each micro-component 40 at a third plane 
214 parallel to the first plane 211 and located between the 
first plane 211 and the second plane 213. Alternatively, the 
triggering electrodes 206 are provided as a plurality of 
parallel triggering electrodes 206 electrically coupled to the 
plurality of micro-components 40. In one embodiment, 
shown in FIG. 18 and referred to as a triode embodiment 
because it contains two Sustain and one triggering electrode 
for a total of three electrodes in contact with each micro 
component 40, the triggering electrodes 206 are arranged to 
croSS, although not necessarily interSect or contact, the first 
and Second Sets of Sustain electrodes perpendicularly and are 
disposed in the third plane 214 parallel to the first plane 211 
and located between the first and second planes. Other triode 
arrangements are also possible as shown for example in FIG. 
13. 

In another embodiment shown in FIG. 19 and referred to 
as a electrode embodiment because it contains two Sustain 
electrodes and two triggering electrodes for a total of four 
electrodes to address each micro-component 40, the trigger 
ing electrodes 206 are arranged orthogonal to the first and 
Second sets of Sustain electrodes 210, 212. Similar to the 
triode arrangement, the triggering electrodes include a first 
Set of triggering electrodes 215 contained in the third plane 
214 that parallel to the first plane 211 and disposed between 
the first and Second planes. In this embodiment, the trigger 
ing electrodes also include a Second set of triggering elec 
trodes 216 arranged in a fourth plane 217 parallel to the first 
plane 211, Spaced from the third plane 214, and located 
between the first and Second planes. Other tetrode arrange 
ments are also possible as shown for example in FIG. 14. 
The light-emitting display 200 can be constructed from at 

least one of these panels 201. Preferably, the light-emitting 
display includes a plurality of the panels 201 arranged in the 
configuration and shape of the desired display 200 and 
electrically coupled together. The triggering electrodes 206 
can be connected to the micro-components through the back 
205 of each of the panels 201, or each panel 201 can have 
the micro-components 40 contained therein addressed by an 
addressing driver or voltage source 207 attached to that 
panel 201 as shown in FIGS. 18 and 19. The plurality of 
Voltage Sources 207 are electrically coupled to the triggering 
electrodes 206 at or adjacent the junctions 208 between the 
panels 201. The triggering electrodes 206 are preferably 
arranged in parallel rows that are parallel to either the rows 
208 or columns 209 of the panel 201 and perpendicular to 
the Sustain electrodes 210, 212. The plurality of sustain 
electrodes 210, 212 are electrically coupled to each micro 
component 40 and are capable of Simultaneously Subjecting 
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all of the micro-components 40 in the entire light-emitting 
display 200 to a Voltage less than the triggering Voltage. 
Connections to a Sustain Voltage Source are made at the 
edges 219 of the display 200, and electrical connectivity or 
continuity among the Sustain electrodes in the various panels 
210, 212 is maintained at the junctions 218 of the panels 201 
(FIG. 15). 

The arrangement of the light emitting display 200 utiliz 
ing panels 201 as basic units in larger displayS provides 
benefits and advantages in the manufacture and application 
of the light-emitting display 200. Since each panel 201 
contains its own Set of triggering electrodes, Voltage Sources 
and drivers, all of the micro-components 40 in the display do 
not have to be addressed or triggered as a single display 
where electrical connections to the triggering electrodes are 
only made at the edges 219 of the display 200 and all of the 
micro-components in a row or column of the entire display 
can only be addressed as a single long Series of micro 
components. The display 200 is broken down into units or 
panels and individual micro-components are addressed on a 
panel-by-panel basis or in a parallel manner. This facilitates 
the assembly and construction of larger displays, avoids the 
problems of Signal attenuation associated with long lengths 
of electrodes, and eliminates the problem of increased 
address times associated with pulse Separation in Series-type 
addressing Schemes. Further, Since the Voltages and currents 
used to Sustain and trigger the micro-components 40 gen 
erate radio frequencies that interfere with other electronic 
devices, these radio frequencies must be shielded. Bringing 
the triggering electrodes through the back 205 of the panels 
201, either directly or at the panel junctions 218, makes it 
easier to shield these generated frequencies. 

The panels 201 can be physically cut from an assembled 
web during a continuous manufacturing process or can be 
defined on a larger display by connecting the individual 
display panels. The Size Selected for each panel 201 is 
preferably the most efficient for making the variety of sizes 
of light-emitting displays 200 desired. Preferably, the panels 
201 are the smallest pieces or units of a display 200 and are 
not further divided or cut during manufacture. 

The triggering Voltages can be applied directly by the 
triggering electrodes 216, particularly in the tetrode 
configuration, or can be applied by combining Voltages from 
the Sustain and triggering electrodes. Since the cost of the 
electronics to handle the addressing and triggering of the 
micro-components increases significantly at higher Voltages, 
it is desirable to decrease or minimize the triggering Voltage 
necessary to cause the micro-components 40 to emit radia 
tion. 

One Solution is to apply to the micro-component 40 a 
Sustain Voltage that is below the triggering Voltage. The 
triggering electrodes 206 would then Supply the additional 
Voltage to Selected micro-components 40 necessary to trig 
ger emissions. The Sustain Voltage is applied to all of the 
micro-components Simultaneously through a common elec 
trical bus (not shown) located at the edges 219 of the display 
200. In addition to requiring a lower triggering Voltage, this 
arrangement facilitates the use of Sustain electrodes 210, 212 
near the front 204 and back 205 of the panels 201 or display 
202 where the use of high conductivity metals can be more 
easily implemented. The triggering Voltages would then be 
applied at interstitial layers where high conductivity mate 
rials may be difficult to implement. 

Plasma displays emit RF radiation that must be shielded 
to protect other electronic equipment that is located near the 
display. In the present invention using a micro-component 
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based display Structure, the panel Structure is thinner than 
conventional plasma display Structures, and the drive elec 
tronicS can be mounted on the back Surface of the panel. This 
allows the connections between the drive electronics and the 
plasma discharges to be shorter, meaning that the RF radia 
tors are Smaller and less effective as radiators. Therefore, the 
RF shielding requirements of the present invention are leSS 
than conventional plasma displayS. 

In another embodiment as shown, for example in FIG. 20 
of the present invention, a Voltage multiplier or Voltage 
multiplying circuitry 220 is electrically coupled between the 
voltage source 207 and the triggering electrode 206. Suitable 
Voltage multiplierS 220 are capable of increasing a Supply 
Voltage from the Voltage Source 220 to the triggering Volt 
age. In one embodiment, the Supply Voltage or address 
Voltage can be up to about 20 volts. In another embodiment, 
the Supply voltage is about 10 volts. In order to achieve the 
necessary Voltages to trigger an emission in the Selected 
micro-components 40, suitable voltage multipliers 220 are 
capable of multiplying a Supply Voltage from the Voltage 
Source 207 by a factor of at least 5. Any type of circuitry 
capable of producing the necessary Voltage increase can be 
used in the voltage multiplier 220 of the present invention. 
For example, the Voltage multiplier 220 can be a capacitive 
multiplier. In addition, the Voltage multiplier 220 can con 
tain thin film transistors. 
The voltage multiplier 220 can be used in combination 

with the various micro-component 40 and electrode con 
figurations of the light-emitting displays 200, assembled 
WebS, and panels 201 of the present invention. For example, 
the voltage multiplier 220 can be combined with the triode 
and tetrode configurations. In addition, the Voltage multi 
plier 220 can be combined with the back-plane-type address 
ing or can be employed by itself in the end-type addressing 
schemes. For example, the light-emitting display 200 of the 
present invention containing at least one panel 201 having a 
plurality of micro-components 40, at least one triggering 
electrode 206 electrically coupled to at least one of the 
micro-components 40, and at least one Voltage Source 207 
electrically coupled to the triggering electrode 206 can 
include the voltage multiplier 220 of the present invention 
electrically coupled between the voltage source 207 and the 
triggering electrode 206. 

In addition to decreasing the Voltages necessary to trigger 
the micro-components 40 and decreasing the length of the 
triggering electrodes 206 through a back-plane-type 
addressing arrangement, additional arrangements of the 
present invention further decrease the amount and Size of the 
electronics necessary to operate the light-emitting display 
200 of the present invention by decreasing the number of 
electrodes required to operate the display. Since the micro 
components are light or photoSensitive, a light or photon 
Source can be used to address Selected micro-components 40 
in the light-emitting display. For example, the light-emitting 
display 200 can include a plurality of micro-components 40 
electrically coupled to a plurality of Sustain electrodes 210, 
212 that are capable of Simultaneously Subjecting all of the 
micro-components 40 to a Sustain Voltage leSS than the 
triggering Voltage as described above. AS is best shown in 
FIG. 21, a light delivery device 221 is provided that is 
capable of Simultaneously delivering an amount of light 222 
to one or more Selected micro-components 40. The amount 
of light 222 directed to the selected micro-components 40 is 
Sufficient to create enough free charges, electrons, photo 
electrons or carriers in the gas contained in the Selected 
micro-components 40 to depress the required triggering 
Voltage of the gas to a level less than the applied Sustain 
Voltage. 
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Any number of light delivery devices are suitable for use 
in the present invention to deliver the Sufficient amount of 
light. The light delivery device includes at least one light 
Source. Suitable light Sources include lasers, incandescent 
lights, fluorescent lights, light emitting diodes, and combi 
nations thereof. In addition to the source of light itself, the 
light delivery device includes a delivery mechanism 223. In 
one embodiment, the delivery mechanism includes a plural 
ity of optical fibers. Preferably, as illustrated in FIG. 22, 
these optical fibers 223 contain points or holes 224 that 
allow amounts of light 222, preferably controllable amounts 
of light, to pass from or leak out of the optical fiber 223 at 
predefined or controllable locations. The light delivery 
device 221 may also contain one or more optical filters, 
lenses, mirrors, or combinations thereof to direct and control 
the delivered light 222 as necessary. The light may also be 
delivered by the waveguides in an integrated photonics 
System, by a dielectric wedge with controlled escape of 
internally reflected light acroSS its width, and/or by free 
Space Scanning of one or more laser beams. Since triggering 
is accomplished with directed light, triggering electrodes are 
not needed. Therefore, a pure two sustain electrode 210,221 
System can be used. 

Referring to FIGS. 23 & 24 in addition to eliminating the 
triggering electrodes 206 or as an alternative to eliminating 
the need for triggering electrodes 206, configurations of the 
light-emitting display 200 of the present invention are 
possible which decrease or minimize the number of Sustain 
electrodes 210, 212 in the display 200. For example, the 
light-emitting display 200 can include a plurality of Sustain 
electrodes 210 arranged in a plurality of parallel rows and a 
plurality of trigger electrodes 206 perpendicularly crossing 
the Sustain electrodes 210 to form a grid. Each of the 
plurality of micro-components 40 contained in the display 
200 is electrically coupled to the trigger electrodes 206 and 
disposed between and electrically coupled to two adjacent 
parallel rows of Sustain electrodes 210 So as to increase the 
fill factor between adjacent micro-components. The fill 
factor is a measurement of the amount of dark Space between 
the adjacent rows of micro-components. Decreasing the fill 
factor decreases the amount of dark Space. 

In order to address Selected micro-components in this 
decreased Sustain electrode configuration a triggering or 
addressing Voltage is simultaneously delivered to at least 
two micro-components 225, 226 disposed in adjacent par 
allel rows using one address electrode 206 and one Sustain 
electrode 227 that is electrically coupled to both micro 
components 225, 226 and generally disposed there between. 
The actual micro-component 225 of the two micro 
components 225, 226 to be Sustained is Selected, and a 
Sustaining Voltage is Supplied to that micro-component 225 
through the two sustain electrodes 227,228 located on either 
side of the selected micro-component 225. Selection of the 
micro-components 225,226 to be triggered is handled by the 
controller and control circuitry for the light-emitting display. 
Preferably, the control logic used will address and Sustain 
the micro-components So that only one of the two micro 
components initially addressed will actually be fully trig 
gered to emission. 
When the apparatus for photo-addressing Selected micro 

components is used, all of the micro-components in the 
panel or light-emitting display are simultaneously exposed 
to a Sustain Voltage less than the triggering Voltage necessary 
to cause the gas contained in the micro-components to emit 
radiation. The one or more gas containing micro 
components to be energized are Selected, and an amount of 
light 222 Sufficient to create enough free charges to depress 
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the required triggering Voltage in the Selected micro 
components 40 to a level leSS than the applied Sustain 
Voltage is delivered to each Selected micro-component. 
These micro-components 40 are then triggered to emit 
radiation and are Sustained or terminated as desired by 
voltages delivered through the Sustain electrodes 210, 212. 
In one embodiment, at least two independent light Sources, 
light delivery devices, or light delivery mechanisms that 
combine to create the Sufficient amount of light are delivered 
to the Selected micro-components. Preferably, optical fibers, 
waveguides in an integrated photonics System, a dielectric 
wedge with controlled escape of internally reflected light 
acroSS its width, free-space Scanning of one or more laser 
beams, or a combination of these are used to provide the two 
independent light Sources. 

In order to address Selected micro-components in a panel 
201 or display 200 using the voltage multiplier 200 of the 
present invention, one or more gas containing micro 
components 40 to be energized or triggered are Selected and 
are addressed using an addressing Voltage less than the 
triggering Voltage necessary to cause the contained gas to 
emit radiation. This address Voltage is then increased to a 
level that is at least equal to the triggering Voltage. This 
increased Voltage is delivered to the micro-component, and 
the gas is energized. In an alternative embodiment, the 
address Voltage is increased to a level leSS than the triggering 
voltage but sufficient to combined with other applied 
Voltages, Such as the Sustain Voltage, to trigger the Selected 
micro-components 40. In this embodiment, all of the micro 
components 40 are simultaneously exposed to a Sustain 
Voltage less than the triggering Voltage. 

In order to address the light-emitting display 200 of the 
present invention as a plurality of connected panels 201 or 
unit displayS, the display is divided, either physically or 
logically, into a plurality of the panels 201 of the present 
invention. The micro-components 40 to be energized are 
then Selected and addressed in each panel Separately. That is 
the micro-components are identified not only by location in 
the display 200 but also by panel 201 and location within 
that panel 201. Once adequately addressed, a triggering 
Voltage is delivered to the Selected micro-components. In 
one embodiment, at least one addressing device or Voltage 
Source 207 is provided for each panel 201, and the address 
ing device is attached directly to the panel 201. Preferably, 
the addressing device is used to address the Selected micro 
components in the panel 201 to which it is attached. 

Other embodiments and uses of the present invention will 
be apparent to those skilled in the art from consideration of 
this application and practice of the invention disclosed 
herein. The present description and examples should be 
considered exemplary only, with the true Scope and Spirit of 
the invention being indicated by the following claims. AS 
will be understood by those of ordinary skill in the art, 
variations and modifications of each of the disclosed 
embodiments, including combinations thereof, can be made 
within the scope of this invention as defined by the following 
claims. 
What is claimed is: 
1. A panel for use in a light-emitting display, the panel 

comprising: 
a first Set of opposing edges, 
a Second Set of opposing edges, 
a front bordered by the first and Second opposing edges 

and comprising a plurality of micro-components 
capable of emitting radiation when exposed to a trig 
gering Voltage; 
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a back opposite the front; 
at least one triggering electrode electrically coupled to at 

least one of the micro-components, the triggering elec 
trode passing through the panel to the back, and 

at least one Voltage Source electrically coupled to the 
triggering electrode 

at the back between the first and Second Sets of edges. 
2. The panel of claim 1, wherein the Voltage Source is 

capable of Supplying a triggering Voltage to the micro 
components through the triggering electrode. 

3. The panel of claim 1, further comprising: 
a plurality of triggering electrodes electrically coupled to 

the plurality of micro-components, and 
a plurality of Voltage Sources electrically coupled to the 

plurality of triggering electrodes. 
4. The panel of claim 1, wherein the plurality of micro 

components are arranged in a grid pattern having a plurality 
of parallel rows and a plurality of parallel columns perpen 
dicular to the plurality of rows, each micro-component 
disposed at a point of interSection of a row and column. 

5. The panel of claim 4, further comprising: 
a plurality of parallel Sustain electrodes electrically 

coupled to the micro-components. 
6. The panel of claim 5, wherein the Sustain electrodes are 

arranged parallel to one of the rows and columns. 
7. The panel of claim 6, wherein the sustain electrodes 

further comprise: 
a first Set of Sustain electrodes disposed in a first plane 

parallel to the front and back, and 
a Second set of Sustain electrodes disposed in a Second 

plane spaced from the first plane and parallel thereto. 
8. The panel of claim 7, further comprising a plurality of 

parallel triggering electrodes electrically coupled to the 
plurality of micro-components. 

9. The panel of claim 8, wherein the triggering electrodes 
are perpendicular to the first and Second Sets of Sustain 
electrodes and are arranged in a third plane parallel to the 
first plane and disposed between the first and Second planes. 

10. The panel of claim 8, wherein the triggering electrodes 
further comprise: 

a first Set of triggering electrodes perpendicular to the first 
and Second Sets of Sustain electrodes and arranged in a 
third plane parallel to the first plane and disposed 
between the first and Second planes, and 

a Second Set of triggering electrodes perpendicular to the 
first and Second Sets of Sustain electrodes and arranged 
in a fourth plane parallel to the first plane, Spaced from 
the third plane, and disposed between the first and 
Second planes. 

11. The panel of claim 1, further comprising a Voltage 
multiplier electrically couple between the Voltage Source and 
the triggering electrode. 

12. The panel of claim 11, wherein the voltage multiplier 
is capable of increasing a Supply Voltage from the Voltage 
Source to the triggering Voltage. 

13. The panel of claim 12, wherein the Supply voltage is 
about 10 volts. 

14. The panel of claim 11, wherein the voltage multiplier 
is capable of multiplying a Supply Voltage from the Voltage 
Source by a factor of at least 5. 

15. The panel of claim 11, wherein the voltage multiplier 
is a capacitive multiplier. 

16. The panel of claim 11, wherein the voltage multiplier 
comprises thin film transistors. 

17. A light-emitting display comprising at least one panel 
according to claim 1. 
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18. The light-emitting display of claim 17, comprising a 

plurality of the panels electrically coupled together. 
19. A light-emitting display comprising: 
a plurality of panels electrically coupled to one another at 

a plurality of junctions, each panel comprising: 
a plurality of micro-components capable of emitting 

radiation when exposed to a triggering Voltage of 
Sufficient Strength, the micro-components arranged 
in a grid comprising a plurality of rows and plurality 
of columns perpendicular to the rows, 

a plurality of Sustain electrodes electrically coupled to 
each micro-component and capable of Simulta 
neously Subjecting all of the micro-components to a 
Voltage less than the triggering Voltage; 

a plurality of triggering electrodes electrically coupled 
to each micro-component; and 

a plurality of Voltage Sources electrically coupled to the 
triggering electrodes at the junctions. 

20. A light-emitting display comprising: 
a plurality of micro-components capable of emitting 

radiation when exposed to a triggering Voltage; 
a plurality of Sustain electrodes electrically coupled to 

each micro-component and capable of Simultaneously 
Subjecting all of the micro-components to a Sustain 
Voltage less than the triggering Voltage; 

a light delivery device capable of Simultaneously deliv 
ering an amount of light to one or more Selected 
micro-components, the amount of light Sufficient to 
create enough free charges in the Selected micro 
components to depress the required triggering Voltage 
in the Selected micro-components to a level less than 
the applied Sustain Voltage. 

21. The light-emitting display of claim 20, wherein the 
light delivery device comprises at least one light Source. 

22. The light-emitting display of claim 21, wherein the 
light Source is a laser, an incandescent light, a fluorescent 
light, or a light emitting diode. 

23. The light-emitting display of claim 21, wherein the 
light delivery device further comprises a delivery mecha 
nism. 

24. The light-emitting display of claim 23, wherein the 
delivery mechanism comprises a plurality of optical fibers. 

25. The light-emitting display of claim 23, wherein the 
delivery mechanism further comprises lenses or mirrors. 

26. A light-emitting display comprising: 
a plurality of Sustain electrodes arranged in a plurality of 

parallel rows, 
a plurality of trigger electrodes perpendicularly interSect 

ing the Sustain electrodes to form a grid; 
a plurality of micro-sphereScapable of emitting radiation 
when exposed to a triggering Voltage of Sufficient 
Strength, each micro-sphere electrically coupled to the 
trigger electrodes and disposed between and electri 
cally coupled to two adjacent parallel rows of Sustain 
electrodes So as to increase the fill factor between 
adjacent micro-spheres. 

27. A light-emitting display comprising: 
a panel comprising a plurality of micro-components 

capable of emitting radiation when exposed to a trig 
gering Voltage; 

at least one triggering electrode electrically coupled to at 
least one of the micro-components, 

at least one Voltage Source electrically coupled to the 
triggering electrode, and 

a Voltage multiplier electrically couple between the Volt 
age Source and the triggering electrode. 
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28. The display of claim 27, wherein the voltage multi 
plier is capable of increasing a Supply Voltage from the 
Voltage Source to the triggering Voltage. 

29. The display of claim 28, wherein the supply voltage 
is about 10 volts. 

30. The display of claim 27, wherein the voltage multi 
plier is capable of multiplying a Supply Voltage from the 
Voltage Source by a factor of at least 5. 

31. The panel of claim 27, wherein the voltage multiplier 
is a capacitive multiplier. 

32. The panel of claim 27, wherein the voltage multiplier 
comprises thin film transistors. 

33. A method for addressing one or more micro 
components Selected from a plurality of micro-components 
in a light emitting display by triggering a gas contained 
within the Selected micro-components to emit radiation, the 
method comprising: 

Selecting one or more gas containing micro-components 
to be energized; 

addressing the Selected micro-components using an 
addressing Voltage less than the triggering Voltage 
necessary to cause the gas to emit radiation; 

increasing the addressing Voltage to at least the triggering 
Voltage; and 

energizing the gas. 
34. The method of claim 33, wherein: 
the method further comprises simultaneously exposing all 

of the micro-components to a Sustain Voltage less than 
the triggering Voltage, and 

the Step of increasing the addressing Voltage further 
comprises increasing the addressing voltage to a level 
Such that the Sum of the increased addressing Voltage 
and the Sustain voltage at the Selected micro 
components is at least equal to the triggering Voltage. 

35. The method of claim 33, wherein the address voltage 
is about 10 volts. 

36. The method of claim 33, wherein the step of increas 
ing the addressing Voltage multiplies the addressing Voltage 
by a factor of at least five. 

37. A method for addressing one or more micro 
components Selected from a plurality of micro-components 
in a light emitting display by triggering a gas contained 
within the Selected micro-components to emit radiation, the 
method comprising: 

dividing the display into a plurality of panels, 
Selecting one or more gas containing micro-components 

to be energized; 
addressing the Selected micro-components in each panel 

Separately, 
delivery a triggering Voltage to the Selected micro 

components Sufficient to cause the gas in the Selected 
micro-components to emit radiation. 

38. The method of claim 37, further comprising providing 
at least one addressing device for each panel. 

39. The method of claim 38, wherein the addressing 
device is attached to the panel. 

40. The method of claim 39, wherein the addressing 
device is used to address the Selected micro-components in 
the panel to which it is attached. 
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41. The method of claim 37, further comprising: 
addressing the Selected micro-components using an 

addressing Voltage less than the triggering Voltage 
necessary to cause the gas to emit radiation; and 

increasing the addressing Voltage to at least the triggering 
Voltage. 

42. A method for addressing one or more micro 
components Selected from a plurality of micro-components 
in a light emitting display by triggering a gas contained 
within the Selected micro-components to emit radiation, the 
method comprising: 

Simultaneously exposing all of the micro-components to a 
Sustain Voltage less than the triggering Voltage neces 
Sary to cause the gas contained in the micro 
components to emit radiation; 

Selecting one or more gas containing micro-components 
in to be energized; 

delivering to each Selected micro-component an amount 
of light Sufficient to create enough free charges in the 
Selected micro-components to depress the required 
triggering Voltage in the Selected micro-components to 
a level less than the applied Sustain Voltage. 

43. The method of claim 42, wherein the step of deliv 
ering a Sufficient amount of light comprises causing at least 
two independent light Sources that combine to create the 
sufficient amount of light to deliver this combined light to 
the Selected micro-components. 

44. The method of claim 43, wherein the light sources 
comprise optical fibers. 

45. A method for addressing one or more micro 
components selected from a plurality of micro-components 
in a light emitting display by triggering a gas contained 
within the Selected micro-components to emit radiation, the 
method comprising: 

arranging the micro-components in a plurality of parallel 
rOWS, 

providing a plurality of Sustain electrodes arranged par 
allel to the micro-component rows, each Sustain elec 
trode disposed between adjacent rows of micro 
components and electrically connected to the micro 
components in those rows, 

providing a plurality of address electrodes arranged per 
pendicular to the Sustain electrodes and the rows of 
micro-components, 

Simultaneously delivering a triggering Voltage to at least 
two micro-components disposed in adjacent rows using 
one address electrode and one Sustain electrode dis 
posed between the adjacent rows, 

Selecting a micro-component to be Sustained; and 
Sustaining that micro-component by Supplying a Sustain 

ing Voltage to the micro-component through two Sus 
tain electrodes located on either Side of the Selected 
micro-component. 

46. The method of claim 45, wherein the Sustain elec 
trodes are disposed between adjacent rows of micro 
components So as to increase the fill factor between the rows 
of micro-components. 

k k k k k 
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DESIGN, FABRICATION, TESTING, AND 
CONDITIONING OF MICRO-COMPONENTS 
FOR USE IN A LIGHT-EMITTING PANEL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation-in-part of U.S. patent application 
Ser. No. 09/697,358 entitled “A Micro-Component for Use 
in a Light-Emitting Panel,” filed Oct. 27, 2000 now U.S. Pat. 
No. 6,762,566, and claims priority to that parent applica 
tion's filing date. Also referenced hereby are the following 
applications which are incorporated herein by reference in 
their entireties, and the filing dates thereof to which priority 
is also claimed: U.S. patent application Ser. No. 09/697,344 
entitled “A Light-Emitting Panel and a Method for Making” 
filed Oct. 27, 2000; U.S. patent application Ser. No. 09/697, 
498 entitled “A Method for Testing a Light-Emitting Panel 
and the Components. Therein,” filed Oct. 27, 2000; U.S. 
patent application Ser. No. 09/697,345 entitled “A Method 
and System for Energizing a Micro-Component in a Light 
Emitting Panel,” filed Oct. 27, 2000; U.S. patent application 
Ser. No. 09/697,346 entitled “A Socket for Use in a Light 
Emitting Panel,” filed Oct. 27, 2000; U.S. patent application 
Ser. No. 10/214,769 entitled “Use of Printing and Other 
Technology for Micro-Component Placement,” filed con 
currently herewith; U.S. patent application Ser. No. 10/214, 
740 entitled “Liquid Manufacturing Processes for Panel 
Layer Fabrication,” filed concurrently herewith; U.S. patent 
application Ser. No. 10/214,716 entitled “Method for 
On-Line Testing of a Light-Emitting Panel,” filed concur 
rently herewith; and U.S. patent application Ser. No. 10/214, 
764 entitled “Method and Apparatus for Addressing Micro 
Components in a Plasma Display Panel, filed concurrently 
herewith. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a light-emitting panel and 

methods of fabricating the same. The present invention 
further relates to a micro-component for use in a light 
emitting panel. 

2. Description of Related Art 
In a typical plasma display, a gas or mixture of gases is 

enclosed between Orthogonally crossed and Spaced conduc 
tors. The crossed conductorS define a matrix of croSS over 
points, arranged as an array of miniature picture elements 
(pixels), which provide light. At any given pixel, the 
orthogonally crossed and Spaced conductors function as 
opposed plates of a capacitor, with the enclosed gas Serving 
as a dielectric. When a Sufficiently large Voltage is applied, 
the gas at the pixel breaks down creating free electrons that 
are drawn to the positive conductor and positively charged 
gas ions that are drawn to the negatively charged conductor. 
These free electrons and positively charged gas ions collide 
with other gas atoms causing an avalanche effect creating 
Still more free electrons and positively charged ions, thereby 
creating plasma. The Voltage level at which this plasma 
forming discharge occurs is called the write Voltage. 
Upon application of a write Voltage, the gas at the pixel 

ionizes and emits light only briefly as free charges formed by 
the ionization migrate to the insulating dielectric walls of the 
cell where these charges produce an opposing Voltage to the 
applied Voltage and thereby eventually extinguish the dis 
charge. Once a pixel has been written, a continuous 
Sequence of light emissions can be produced by an alternat 
ing Sustain Voltage. The amplitude of the Sustain waveform 
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can be less than the amplitude of the write Voltage, because 
the wall charges that remain from the preceding write or 
Sustain operation produce a Voltage that adds to the Voltage 
of the Succeeding Sustain waveform applied in the reverse 
polarity to produce the ionizing Voltage. Mathematically, the 
idea can be set out as V=V-V, where V is the Sustain 
Voltage, V is the write Voltage, and V is the wall 
voltage. Accordingly, a previously unwritten (or erased) 
pixel cannot be ionized by the Sustain waveform alone. An 
erase operation can be thought of as a write operation that 
proceeds only far enough to allow the previously charged 
cell walls to discharge; it is similar to the write operation 
except for timing and amplitude. 

Typically, there are two different arrangements of con 
ductors that are used to perform the write, erase, and Sustain 
operations. The one common element throughout the 
arrangements is that the Sustain and the address electrodes 
are spaced apart with the plasma-forming gas in between. 
Thus, at least one of the address or Sustain electrodes may 
be located partially within the path the radiation travels, 
when the plasma-forming gas ionizes, as it exits the plasma 
display. Consequently, transparent or Semi-transparent con 
ductive materials must be used, Such as indium tin oxide 
(ITO), so that the electrodes do not interfere with the 
displayed image from the plasma display. Using ITO, 
however, has Several disadvantages, for example, ITO is 
expensive and adds significant cost to the manufacturing 
process and ultimately the final plasma display. 
The first arrangement uses two orthogonally crossed 

conductors, one addressing conductor and one Sustaining 
conductor. In a gas panel of this type, the Sustain waveform 
is applied acroSS all the addressing conductors and Sustain 
conductors So that the gas panel maintains a previously 
written pattern of light emitting pixels. For a conventional 
write operation, a Suitable write Voltage pulse is added to the 
Sustain Voltage waveform So that the combination of the 
write pulse and the Sustain pulse produces ionization. In 
order to write an individual pixel independently, each of the 
addressing and Sustain conductorS has an individual Selec 
tion circuit. Thus, applying a Sustain waveform acroSS all the 
addressing and Sustain conductors, but applying a write 
pulse acroSS only one addressing and one Sustain conductor 
will produce a write operation in only the one pixel at the 
interSection of the Selected addressing and Sustain conduc 
torS. 

The Second arrangement uses three conductors. In panels 
of this type, called coplanar Sustaining panels, each pixel is 
formed at the interSection of three conductors, one address 
ing conductor and two parallel Sustaining conductors. In this 
arrangement, the addressing conductor orthogonally crosses 
the two parallel Sustaining conductors. With this type of 
panel, the Sustain function is performed between the two 
parallel Sustaining conductors and the addressing is done by 
the generation of discharges between the addressing con 
ductor and one of the two parallel Sustaining conductors. 
The Sustaining conductors are of two types, addressing 

Sustaining conductors and Solely Sustaining conductors. The 
function of the addressing-Sustaining conductorS is twofold: 
to achieve a Sustaining discharge in cooperation with the 
Solely Sustaining conductors, and to fulfill an addressing 
role. Consequently, the addressing-Sustaining conductors are 
individually Selectable So that an addressing waveform may 
be applied to any one or more addressing-Sustaining con 
ductors. The Solely Sustaining conductors, on the other hand, 
are typically connected in Such a way that a Sustaining 
waveform can be simultaneously applied to all of the Solely 
Sustaining conductors So that they can be carried to the same 
potential in the same instant. 



US 6,822,626 B2 
3 

Numerous types of plasma panel display devices have 
been constructed with a variety of methods for enclosing a 
plasma-forming gas between Sets of electrodes. In one type 
of plasma display panel, parallel plates of glass with wire 
electrodes on the Surfaces thereof are spaced uniformly apart 
and Sealed together at the outer edges with the plasma 
forming gas filling the cavity formed between the parallel 
plates. Although widely used, this type of open display 
Structure has various disadvantages. The Sealing of the outer 
edges of the parallel plates, the pumping down to vacuum, 
the baking out under Vacuum, and the introduction of the 
plasma-forming gas are both expensive and time-consuming 
processes, resulting in a costly end product. In addition, it is 
particularly difficult to achieve a good Seal at the Sites where 
the electrodes are fed through the ends of the parallel plates. 
This can result in gas leakage and a shortened product 
lifecycle. Another disadvantage is that individual pixels are 
not segregated within the parallel plates. As a result, gas 
ionization activity in a Selected pixel during a write opera 
tion may spill over to adjacent pixels, thereby raising the 
undesirable prospect of possibly igniting adjacent pixels 
without a write pulse being applied. Even if adjacent pixels 
are not ignited, the ionization activity can change the turn-on 
and turn-off characteristics of the nearby pixels. 

In another type of known plasma display, individual 
pixels are mechanically isolated either by forming trenches 
in one of the parallel plates or by adding a perforated 
insulating layer Sandwiched between the parallel plates. 
These mechanically isolated pixels, however, are not com 
pletely enclosed or isolated from one another because there 
is a need for the free passage of the plasma-forming gas 
between the pixels to assure uniform gas pressure through 
out the panel. While this type of display Structure decreases 
Spill over, Spill over is Still possible because the pixels are 
not in total physical isolation from one another. In addition, 
in this type of display panel it is difficult to properly align the 
electrodes and the gas chambers, which may cause pixels to 
misfire. AS with the open display Structure, it is also difficult 
to get a good Seal at the plate edges. Furthermore, it is 
expensive and time consuming to pump down to vacuum, 
bake out under vacuum, introduce the plasma producing gas 
and Seal the outer edges of the parallel plates. 

In yet another type of known plasma display, individual 
pixels are also mechanically isolated between parallel plates. 
In this type of display, the plasma-forming gas is contained 
in transparent spheres formed of a closed transparent shell. 
Various methods have been used to contain the gas filled 
Spheres between the parallel plates. In one method, Spheres 
of varying Sizes are tightly bunched and randomly distrib 
uted throughout a Single layer, and Sandwiched between the 
parallel plates. In a Second method, Spheres are embedded in 
a sheet of transparent dielectric material and that material is 
then sandwiched between the parallel plates. In a third 
method, a perforated Sheet of electrically nonconductive 
material is Sandwiched between the parallel plates with the 
gas filled spheres distributed in the perforations. 

While each of the types of displays discussed above are 
based on different design concepts, the manufacturing 
approach used in their fabrication is generally the same. 
Conventionally, a batch fabrication process is used to manu 
facture these types of plasma panels. AS is well known in the 
art, in a batch process individual component parts are 
fabricated separately, often in different facilities and by 
different manufacturers, and then brought together for final 
assembly where individual plasma panels are created one at 
a time. Batch processing has numerous shortcomings, Such 
as, for example, the length of time necessary to produce a 
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finished product. Long cycle times increase product cost and 
are undesirable for numerous additional reasons known in 
the art. For example, a sizeable quantity of Substandard, 
defective, or useleSS fully or partially completed plasma 
panels may be produced during the period between detection 
of a defect or failure in one of the components and an 
effective correction of the defect or failure. 

This is especially true of the first two types of displays 
discussed above; the first having no mechanical isolation of 
individual pixels, and the Second with individual pixels 
mechanically isolated either by trenches formed in one 
parallel plate or by a perforated insulating layer Sandwiched 
between two parallel plates. Due to the fact that plasma 
forming gas is not isolated at the individual pixel/Subpixel 
level, the fabrication process precludes the majority of 
individual component parts from being tested until the final 
display is assembled. Consequently, the display can only be 
tested after the two parallel plates are Sealed together and the 
plasma-forming gas is filled inside the cavity between the 
two plates. If post production testing shows that any number 
of potential problems have occurred, (e.g. poor lumines 
cence or no luminescence at Specific pixels/subpixels) the 
entire display is discarded. 

BRIEF SUMMARY OF THE INVENTION 

Preferred embodiments of the present invention provide a 
light-emitting panel that may be used as a large-area radia 
tion Source, for energy modulation, for particle detection and 
as a flat-panel display. Gas-plasma panels are preferred for 
these applications due to their unique characteristics. 

In one basic form, the light-emitting panel may be used as 
a large area radiation Source. By configuring the light 
emitting panel to emit ultraViolet (UV) light, the panel has 
application for curing paint or other coatings, and for 
sterilization. With the addition of one or more phosphor 
coatings to convert the UV light to visible white light, the 
panel also has application as an illumination Source. 

In addition, the light-emitting panel may be used as a 
plasma-Switched phase array by configuring the panel in at 
least one embodiment in a microwave transmission mode. 
The panel is configured in Such a way that during ionization 
the plasma-forming gas creates a localized index of refrac 
tion change for the microwaves (although other electromag 
netic wavelengths would work). The microwave beam from 
the panel can then be Steered or directed in any desirable 
pattern by introducing at a localized area a phase shift and/or 
directing the microwaves out of a specific aperture in the 
panel 

Additionally, the light-emitting panel may be used for 
particle/photon detection. In this embodiment, the light 
emitting panel is Subjected to a potential that is just slightly 
below the write voltage required for ionization. When the 
device is Subjected to outside energy at a Specific position or 
location in the panel, that additional energy causes the 
plasma-forming gas in the Specific area to ionize, thereby 
providing a means of detecting outside energy. 

Further, the light-emitting panel may be used in flat-panel 
displayS. These displayS can be manufactured very thin and 
lightweight, when compared to Similar sized cathode ray 
tube (CRTs), making them ideally suited for home, office, 
theaters and billboards. In addition, these displayS can be 
manufactured in large sizes and with Sufficient resolution to 
accommodate high-definition television (HDTV). Gas 
plasma panels do not Suffer from electromagnetic distortions 
and are, therefore, Suitable for applications Strongly affected 
by magnetic fields, Such as military applications, radar 
Systems, railway Stations and other underground Systems. 
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According to a general embodiment of the present 
invention, a light-emitting panel is made from two 
Substrates, wherein one of the Substrates includes a plurality 
of Sockets and wherein at least two electrodes are disposed. 
At least partially disposed in each Socket is a micro 
component, although more than one micro-component may 
be disposed therein. Each micro-component includes a shell 
at least partially filled with a gas or gas mixture capable of 
ionization. When a large enough Voltage is applied acroSS 
the micro-component the gas or gas mixture ionizes forming 
plasma and emitting radiation. 

In one embodiment of the present invention, the micro 
component is configured to emit ultra-violet (UV) light, 
which may be converted to visible light by at least partially 
coating each micro-component with phosphor. To obtain an 
improvement in the discharge characteristics, each micro 
component may be at least partially coated with a Secondary 
emission enhancement material. 

In another embodiment, each micro-component is at least 
partially coated with a reflective material. An index match 
ing material is disposed So as to be in contact with at least 
a portion of the reflective material. The combination of the 
indeX matching material and the reflective material permits 
a predetermined wavelength of light to be emitted from each 
micro-component at the point of contact between the indeX 
matching material and the reflective material. 

Another object of the present invention is to provide a 
micro-component for use in a light-emitting panel. A Shell at 
least partially filled with at least one plasma-forming gas 
provides the basic micro-component Structure. The shell 
may be doped or ion implanted with a conductive material, 
a material that provides Secondary emission enhancement, 
and/or a material that converts UV light to visible light. The 
micro-components will be made as a sphere, cylinder or any 
other shape. The Size and shape will be determined in 
accordance with the desired resolution for the display panel 
to be assembled. Typical sizes are about hundreds of 
microns independent of Shape. 

Another preferred embodiment of the present invention is 
to provide a method of making a micro-component. In one 
embodiment, the method is part of a continuous process, 
where a shell is at least partially formed in the presence of 
at least one plasma-forming gas, Such that when formed, the 
shell is filled with the plasma-forming gas or gas mixture. 

In another embodiment, the micro-component is made by 
affixing a first Substrate to a Second Substrate in the presence 
of at least one plasma-forming gas. In this method, either the 
first and/or the Second Substrate contains a plurality of 
cavities So that when the first Substrate is affixed to the 
second substrate the plurality of cavities are filled with the 
plasma-forming gas or gas mixture. In a preferred 
embodiment, a first Substrate is advanced through a first 
roller assembly, which includes a roller with a plurality of 
nodules and a roller with a plurality of depressions. Both the 
plurality of nodules and the plurality of depressions are in 
registration with each other So that when the first Substrate 
passes through the first roller assembly, the first Substrate has 
a plurality of cavities formed therein. A Second Substrate is 
advanced through a Second roller assembly and then affixed 
to the first Substrate in the presence of at least one gas So that 
when the two Substrates are affixed the cavities are filled 
with the gas or gas mixture. In an alternate preferred 
embodiment, the Second roller assembly includes a roller 
with a plurality of nodules and a roller with a plurality of 
depressions So that when the Second Substrate passes 
through the Second roller assembly, the Second Substrate also 
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has a plurality of cavities formed therein. In either of these 
embodiments, at least one electrode may be Sandwiched 
between the first and Second Substrates prior to the Substrates 
being affixed. 

In another embodiment, at least one Substrate is thermally 
treated in the presence of a least one plasma-forming gas So 
as to form shells filled with the plasma-forming gas or 
gas-mixture. 

In a specific aspect, the micro-components, whether 
Sphere, capillary or other shape are coated with a frequency 
converting coating. Phosphor is an example of Such a 
coating. More specifically, the coating converts electromag 
netic radiation generated in the plasma in the ultraViolet 
region of the spectrum, and converts it to the visible red, 
blue or green region of the Spectrum. 

Alternatives include putting a drop of the frequency 
converting material in a Socket into which the micro 
component is placed, or the micro-component itself can be 
doped with a material Such as a rare earth that is a frequency 
converter. Examples of materials include barium fluoride or 
the like, yttrium aluminum garnet, or gadolinium gallium 
garnet. The plasma gases in the micro-component can 
include Xenon chloride, argon chloride, etc., namely the rare 
gas halides. 

In another aspect, the micro-components are tested as they 
are manufactured. The micro-components are optionally 
Scanned for certain physical characteristics or defects, for 
example, in an optical field detecting shape Such as Sphe 
ricity and size as they drop through a tower. A micro 
component displacement device can be used to remove those 
that are bad. At a Subsequent layer, as they drop the 
micro-components are Subjected to electron beam 
excitation, microwave or RF field, for example, to excite the 
gas. Another physical characteristic or defect is tested, Such 
as if a certain luminous output is achieved, and if achieved, 
it is preliminarily accepted. Those for which a desired 
luminous output is not achieved are discarded, for example, 
through the use of a Second micro-component displacement 
device. 

In yet still another aspect, the micro-components are 
preconditioned by being excited for a predetermined period 
of time. Examples include taking the micro-components that 
passed the initial test, placing them in a container and 
exciting them, for example, for 5 to 10 hours. Alternatively, 
they can be placed between large parallel electrodes. After 
the batch run, they are dropped through a tower as they are 
excited, output detected and the ones that do not excite are 
knocked out of the Stream. 

Other features, advantages, and embodiments of the 
invention are set forth in part in the description that follows, 
and in part, will be obvious from this description, or may be 
learned from the practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other features and advantages of this 
invention will become more apparent by reference to the 
following detailed description of the invention taken in 
conjunction with the accompanying drawings. 

FIG. 1 shows a Socket with a micro-component disposed 
therein. 

FIG. 2 depicts a portion of a light-emitting panel showing 
a plurality of micro-components disposed in Sockets. 

FIG. 3A shows an example of a cavity that has a cube 
shape. 

FIG. 3B shows an example of a cavity that has a cone 
shape. 
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FIG. 3C shows an example of a cavity that has a conical 
frustum Shape. 

FIG. 3D shows an example of a cavity that has a parabo 
loid shape. 
FIG.3E shows an example of a cavity that has a spherical 

shape. 
FIG. 3F shows an example of a cavity that has a hemi 

cylindrical shape. 
FIG. 3G shows an example of a cavity that has a pyramid 

shape. 
FIG. 3H shows an example of a cavity that has a pyra 

midal frustum shape. 
FIG. 3I shows an example of a cavity that has a paral 

lelepiped shape. 
FIG. 3J shows an example of a cavity that has a prism 

shape. 
FIG. 4 shows an apparatus used in an embodiment of the 

present invention as part of a continuous process for forming 
micro-components. 

FIG. 5 shows an apparatus used in an embodiment of the 
present invention as pan of another process for forming 
micro-components. 

FIG. 6 shows an variation of the apparatus shown in FIG. 
5, which is used as part of another process for forming 
micro-components. 

FIG. 7 illustrates an example of selection of pixel size and 
micro-component (micro-sphere) size for different sized 
high definition television (HDTV) displays, which can be 
manufactured according to the micro-component method 
hereof. 

FIG. 8 is a table showing numbers of pixels for various 
Standard display resolutions. 

FIG. 9 illustrates, according to an embodiment, one way 
in which an electrode may be disposed between two Sub 
Strates as part of a process for forming micro-components. 

FIG. 10 depicts the steps of another method for forming 
micro-components. 

FIG. 11 shows an apparatus used in an embodiment of the 
present invention as part of a continuous process for forming 
micro-components Similar to that of FIG. 4, and including a 
mechanism for pretesting or pre-Screening of micro 
components prior to assembly in a panel. 

FIG. 12 shows an apparatus used for batch conditioning 
of micro-components. 

FIG. 13 shows an alternative embodiment of an apparatus 
used for batch conditioning of micro-components. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 

INVENTION 

As embodied and broadly described herein, the preferred 
embodiments of the present invention are directed to a novel 
light-emitting panel. In particular, the preferred embodi 
ments are directed to a micro-component capable of being 
used in the light-emitting panel and at least partially dis 
posed in at least one Socket. 

FIGS. 1 and 2 show two embodiments of the present 
invention wherein a light-emitting panel includes a first 
Substrate 10 and a second Substrate 20. The first Substrate 10 
may be made from Silicates, polypropylene, quartz, glass, 
any polymeric-based material or any material or combina 
tion of materials known to one skilled in the art. Similarly, 
Second Substrate 20 may be made from Silicates, 
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polypropylene, quartz, glass, any polymeric-based material 
or any material or combination of materials known to one 
skilled in the art. First Substrate 10 and second Substrate 20 
may both be made from the Same material or each of a 
different material. Additionally, the first and second Sub 
Strate may be made of a material that dissipates heat from the 
light-emitting panel. In a preferred embodiment, each Sub 
Strate is made from a material that is mechanically flexible. 
The first Substrate 10 includes a plurality of sockets 30. A 

cavity 55 formed within and/or on the first substrate 10 
provides the basic socket 30 structure. The cavity 55 may be 
any shape and size. As depicted in FIGS. 3A-3J, the shape 
of the cavity 55 may include, but is not limited to, a cube 
100, a cone 110, a conical frustum 120, a paraboloid 130, 
spherical 140, cylindrical 150, a pyramid 160, a pyramidal 
frustum 170, a parallelepiped 180, or a prism 190. The size 
and shape of the Socket 30 influence the performance and 
characteristics of the light-emitting panel and are Selected to 
optimize the panel's efficiency of operation. In addition, 
Socket geometry may be Selected based on the shape and size 
of the micro-component to optimize the Surface contact 
between the micro-component and the Socket and/or to 
ensure connectivity of the micro-component and any elec 
trodes disposed within the Socket. Further, the size and shape 
of the Sockets 30 may be chosen to optimize photon gen 
eration and provide increased luminosity and radiation trans 
port efficiency. 
At least partially disposed in each Socket 30 is at least one 

micro-component 40. Multiple micro-components may be 
disposed in a Socket to provide increased luminosity and 
enhanced radiation transport efficiency. In a color light 
emitting panel according to one embodiment of the present 
invention, a single Socket Supports three micro-components 
configured to emit red, green, and blue light, respectively. 
The micro-components 40 may be of any shape, including, 
but not limited to, Spherical, cylindrical, and aspherical. In 
addition, it is contemplated that a micro-component 40 
includes a micro-component placed or formed inside another 
Structure, Such as placing a spherical micro-component 
inside a cylindrical-shaped Structure. In a color light 
emitting panel according to an embodiment of the present 
invention, each cylindrical-shaped Structure holds micro 
components configured to emit a single color of visible light 
or multiple colors arranged red, green, blue, or in Some other 
Suitable color arrangement. 

In another embodiment of the present invention, an adhe 
Sive or bonding agent is applied to each micro-component to 
assist in placing/holding a micro-component 40 or plurality 
of micro-components in a Socket 30. In an alternative 
embodiment, an electrostatic charge is placed on each 
micro-component and an electroStatic field is applied to each 
micro-component to assist in the placement of a micro 
component 40 or plurality of micro-components in a Socket 
30. Applying an electrostatic charge to the micro 
components also helps avoid agglomeration among the 
plurality of micro-components. In one embodiment of the 
present invention, an electron gun is used to place an 
electroStatic charge on each micro-component and one elec 
trode disposed proximate to each Socket 30 is energized to 
provide the needed electroStatic field required to attract the 
electroStatically charged micro-component. 

In its most basic form, each micro-component 40 includes 
a shell 50 filled with a plasma-forming gas or gas mixture 
45. Any Suitable gas or gas mixture 45 capable of ionization 
may be used as the plasma-forming gas, including, but not 
limited to, krypton, Xenon, argon, neon, oxygen, helium, 
mercury, and mixtures thereof. In fact, any noble gas could 
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be used as the plasma-forming gas, including, but not 
limited to, noble gases mixed with cesium or mercury. 
Further, rare gas halide mixtures Such as Xenon chloride, 
Xenon fluoride and the like are also Suitable plasma-forming 
gases. Rare gas halides are efficient radiators having radi 
ating wavelengths of approximately 300 to 350 nm, which 
is longer than that of pure xenon (147 to 170 nm). This 
results in an overall quantum efficiency gain, i.e., a factor of 
two or more, given by the mixture ratio. Still further, in 
another embodiment of the present invention, rare gas halide 
mixtures are also combined with other plasma-forming 
gases as listed above. This description is not intended to be 
limiting. One skilled in the art would recognize other gasses 
or gas mixtures that could also be used. In a color display, 
according to another embodiment, the plasma-forming gas 
or gas mixture 45 is chosen So that during ionization the gas 
will irradiate a specific wavelength of light corresponding to 
a desired color. For example, neon-argon emits red light, 
Xenon-oxygen emits green light, and krypton-neon emits 
blue light. While a plasma-forming gas or gas mixture 45 is 
used in a preferred embodiment, any other material capable 
of providing luminescence is also contemplated, Such as an 
electro-luminescent material, organic light-emitting diodes 
(OLEDs), or an electro-phoretic material. 

The shell 50 may be made from a wide assortment of 
materials, including, but not limited to, Silicates, 
polypropylene, glass, any polymeric-based material, mag 
nesium oxide and quartz and may be of any Suitable size. 
The shell 50 may have a diameter ranging from micrometers 
to centimeters as measured acroSS its minor axis, with 
Virtually no limitation as to its size as measured acroSS its 
major axis. For example, a cylindrical-shaped micro 
component may be only 100 microns in diameter acroSS its 
minor axis, but may be hundreds of meters long acroSS its 
major axis. In a preferred embodiment, the outside diameter 
of the shell, as measured acroSS its minor axis, is from 100 
microns to 300 microns. In addition, the shell thickness may 
range from micrometers to millimeters, with a preferred 
thickness from 1 micron to 10 microns. 
When a Sufficiently large Voltage is applied across the 

micro-component the gas or gas mixture ionizes forming 
plasma and emitting radiation. In FIG. 2, a two electrode 
configuration is shown including a first Sustain electrode 520 
and an address electrode 530. In FIG. 1, a three electrode 
configuration is shown, wherein a first Sustain electrode 520, 
an address electrode 530 and a second Sustain electrode 540 
are disposed within a plurality of material layers 60 that 
form the first substrate 10. The potential required to initially 
ionize the gas or gas mixture inside the shell 50 is governed 
by Paschen's Law and is closely related to the pressure of 
the gas inside the Shell. In the present invention, the gas 
pressure inside the shell 50 ranges from tens of torrs to 
Several atmospheres. In a preferred embodiment, the gas 
pressure ranges from 100 torr to 700 torr or higher pressure 
as appropriate. The size and shape of a micro-component 40 
and the type and pressure of the plasma-forming gas con 
tained therein, influence the performance and characteristics 
of the light-emitting panel and are Selected to optimize the 
panel's efficiency of operation. 

There are a variety of coatings 300 and dopants that may 
be added to a micro-component 40 that also influence the 
performance and characteristics of the light-emitting panel. 
The coatings 300 may be applied to the outside or inside of 
the shell 50, and may either partially or fully coat the shell 
50. Types of outside coatings include, but are not limited to, 
coatings used to convert UV light to visible light (e.g. 
phosphor), coatings used as reflecting filters, and coatings 
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used as bandpass filters. Types of inside coatings include, 
but are not limited to, coatings used to convert UV light to 
visible light (e.g. phosphor), coatings used to enhance Sec 
ondary emissions and coatings used to prevent erosion. One 
skilled in the art will recognize that other coatings may also 
be used. The coatings 300 may be applied to the shell 50 by 
differential Stripping, lithographic process, Sputtering, laser 
deposition, chemical deposition, vapor deposition, or depo 
Sition using inkjet technology. One skilled in the art will 
realize that other methods of coating the inside and/or 
outside of the shell 50 may also work. Types of dopants 
include, but are not limited to, dopants used to convert UV 
light to visible light (e.g. phosphor), dopants used to enhance 
Secondary emissions and dopants used to provide a conduc 
tive path through the shell 50. The dopants are added to the 
shell 50 by any suitable technique known to one skilled in 
the art, including ion implantation. It is contemplated that 
any combination of coatings and dopants may be added to a 
micro-component 40. 

In an embodiment of the present invention, when a 
micro-component is configured to emit UV light, the UV 
light is converted to visible light by at least partially coating 
the inside of the shell 50 with phosphor, at least partially 
coating the outside of the shell 50 with phosphor, doping the 
shell 50 with phosphor and/or coating the inside of a socket 
30 with phosphor. In a color panel, according to an embodi 
ment of the present invention, colored phosphor is chosen So 
the visible light emitted from alternating micro-components 
is colored red, green and blue, respectively. By combining 
these primary colors at varying intensities, all colors can be 
formed. It is contemplated that other color combinations and 
arrangements may be used. 
To obtain an improvement in discharge characteristics, in 

an embodiment of the present invention, the shell 50 of each 
micro-component 40 is at least partially coated on the inside 
Surface with a Secondary emission enhancement material. 
Any low affinity material may be used including, but not 
limited to, magnesium oxide and thulium oxide. One skilled 
in the art would recognize that other materials will also 
provide Secondary emission enhancement. In another 
embodiment of the present invention, the shell 50 is doped 
with a Secondary emission enhancement material. It is 
contemplated that the doping of shell 50 with a secondary 
emission enhancement material may be in addition to coat 
ing the shell 50 with a secondary emission enhancement 
material. In this case, the Secondary emission enhancement 
material used to coat the shell 50 and dope the shell 50 may 
be different. 

Alternatively to the previously discussed phosphor which 
can be used to coat the micro-component, or alternatively, 
placed into a Socket in a display panel in which the micro 
components are placed, the micro-component material can 
be doped with a rare earth that is a frequency converter. Such 
dopants can include barium fluoride or similar materials 
Such as yttrium aluminum garnet, or gadolinium gallium 
garnet. These types of frequency converting materials Serve 
to convert plasma light at the UV wavelength to visible light 
of red, blue or green color. The gasses in the micro 
component in Such cases will include rare gas halide mix 
tures Such as Xenon chloride, Xenon fluoride and the like. 
Rare gas halides are efficient radiators having radiating 
wavelengths of approximately 300 to 350 nm, which is 
longer than that of pure xenon (147 to 170 nm). This results 
in an overall quantum efficiency gain, i.e., a factor of two or 
more, given by the mixture ratio. Still further, in another 
embodiment of the present invention, rare gas halide mix 
tures are also combined with other plasma-forming gases as 
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listed previously. This description is not intended to be 
limiting. In the case when Such frequency converting mate 
rials are used, instead of using a phosphor coating, they can 
be integrated as a dopant in the shell of the micro 
component. For example, yttrium aluminum garnet doped 
with cerium can serve to convert UV wavelengths from rare 
gas halides into green light. 

In addition to, or in place of, doping the shell 50 with a 
Secondary emission enhancement material, according to an 
embodiment of the present invention, the shell 50 is doped 
with a conductive material. Possible conductive materials 
include, but are not limited to Silver, gold, platinum, and 
aluminum. Doping the shell 50 with a conductive material, 
either in two or more localized areas to provide Separate 
electrode-like paths or in a way to produce anisotropic 
conductivity in the shell (high perpendicular conductivity, 
low in-plane conductivity), provides a direct conductive 
path to the gas or gas mixture contained in the shell and 
provides one possible means of achieving a DC light 
emitting panel. In this manner, shorting is avoided and two 
or more Separate electrode paths are maintained to allow 
exciting of the gas. 

In another embodiment of the present invention, the shell 
50 of the micro-component 40 is coated with a reflective 
material. An indeX matching material that matches the indeX 
of refraction of the reflective material is disposed So as to be 
in contact with at least a portion of the reflective material. 
The reflective coating and indeX matching material may be 
Separate from, or in conjunction with, the phosphor coating 
and Secondary emission enhancement coating of previous 
embodiments. The reflective coating is applied to the shell 
50 in order to enhance radiation transport. By also disposing 
an index-matching material So as to be in contact with at 
least a portion of the reflective coating, a predetermined 
wavelength range of radiation is allowed to escape through 
the reflective coating at the interface between the reflective 
coating and the index-matching material. By forcing the 
radiation out of a micro-component through the interface 
area between the reflective coating and the index-matching 
material greater micro-component efficiency is achieved 
with an increase in luminosity. In an embodiment, the index 
matching material is coated directly over at least a portion of 
the reflective coating. In another embodiment, the indeX 
matching material is disposed on a material layer, or the like, 
that is brought in contact with the micro-component Such 
that the index matching material is in contact with at least a 
portion of the reflective coating. In another embodiment, the 
Size of the interface is Selected to achieve a specific field of 
View for the light-emitting panel. 

Several methods are proposed, in various embodiments, 
for making a micro-component for use in a light-emitting 
panel. It has been contemplated that each of the coatings and 
dopants that may be added to a micro-component 40, as 
disclosed herein, may also be included in Steps in forming a 
micro-component, as discussed herein. 

In one embodiment of the present invention, a continuous 
inline proceSS for making a micro-component is described, 
where a shell is at least partially formed in the presence of 
at least one plasma-forming gas, Such that when formed, the 
shell is filled with the gas or gas mixture. In a preferred 
embodiment, the process takes place in a drop tower. 
According to FIG. 4, and as an example of one of many 
possible ways to make a micro-component as part of a 
continuous inline process, a droplet generator 600 including 
a pressure transducer port 605, a liquid inlet port 610, a 
piezoelectric transducer 615, a transducer drive signal elec 
trode 620, and an orifice plate 625, produces uniform water 

15 

25 

35 

40 

45 

50 

55 

60 

65 

12 
droplets of a predetermined size. The droplets pass through 
an encapsulation region 630 where each water droplet is 
encased in a gel outer membrane formed of an aqueous 
Solution of glass forming oxides (or any other Suitable 
material that may be used for a micro-component shell), 
which is then passed through a dehydration region 640 
leaving a hollow dry gel shell. This dry gel shell then travels 
through a transition region 650 where it is heated into a glass 
shell (or other type of shell depending on what aqueous 
Solution was chosen) and then finally through a refining 
region 660. While it is possible to introduce a plasma 
forming gas or gas mixture into the process during any one 
of the Steps, it is preferred in an embodiment of the present 
invention to perform the whole process in the presence of the 
plasma-forming gas or gas mixture. Thus, when the shell 
leaves the refining region 660, the plasma-forming gas or 
gas mixture is Sealed inside the shell thereby forming a 
micro-component. 

In an embodiment of the present invention, the above 
process is modified so that the shell can be doped with either 
a Secondary emission enhancement material and/or a con 
ductive material, although other dopants may also be used. 
While it is contemplated that the dopants may be added to 
the shell by ion implantation at later Stages in the process, in 
a preferred embodiment, the dopant is added directly in the 
acqueous solution so that the shell is initial formed with the 
dopant already present in the shell. 
The above proceSS Steps may be modified or additional 

process Steps may be added to the above process for forming 
a micro-component to provide a means for adding at least 
one coating to the micro-component. For coatings that may 
be disposed on the inside of the shell including, but not 
limited to a Secondary emission enhancement material and a 
conductive material, it is contemplated in an embodiment of 
the present invention that those coating materials are added 
to the initial droplet Solution So that when the outer mem 
brane is formed around the initial droplet and then passed 
through the dehydration region 640 the coating material is 
left on the inside of the hollow dry gel shell. For coatings 
that may be disposed on the outside of the shell including, 
but not limited to, coatings used to convert UV light to 
Visible light, coatings used as reflective filters and coatings 
used as band-gap filters, it is contemplated that after the 
micro-component leaves the refining region 660, the micro 
component will travel through at least one coating region. 
The coatings may be applied by any number of processes 
known to those skilled in the art as a means of applying a 
coating to a Surface. 
A further modification of the drop tower of FIG. 4 is 

illustrated in FIG. 11 with a continuous testing region 801. 
The continuous testing region 801 includes a first optical 
detector 821 which detects individual micro-components as 
they are formed. This optical detector can detect Such things 
as Sphericity and size in a continuous process, typically 
operating at about 10 kilohertz, Sampling rate. Signals rep 
resenting the micro-component detected are passed through 
line 823 to a control module 825. If a micro-component does 
not meet certain minimum Standards, a signal is Sent from 
control module 825 to mechanical actuator 827 which 
activates a micro-component displacement device or arm 
829 which is activated to remove the failed micro 
component from the Stream. A Second region of the con 
tinuing testing device 801 includes, optionally, electrodes 
805 which are excited through leads 807 by power supply 
809 to generate a field which excites the plasma gas within 
the manufactured micro-components. AS the micro 
components are exited, a luminous output is generated and 
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a second optical detector 811 serves to detect the luminous 
output and Send a Signal representing the luminous output 
for each individual micro-component through line 813 to a 
Second control unit 815. 

If no luminous output is detected or a luminous output of 
less than a predetermined threshold is detected, the control 
unit 815 sends a signal to actuator 817 which then actuates 
a Second micro-component displacement device or arm 819 
to remove the failed micro-component from the Stream. 
With respect to the photo-detectors, they are 

conventional, and can be of the type, for example, which 
detect UV light. Alternatively, if the micro-component has 
been coated prior to the end of the fabrication process, for 
example, with phosphor, the detector may be of the type 
which is sensitive to a red light output. It should be noted 
that although the micro-component displacement devices or 
arms 819 and 829 have been described as mechanical in 
nature, they may also be non-mechanical, Such as an inter 
mittent fluid Stream Such as a gas or liquid Stream or a light 
pulse Such as a high-intensity laser pulse. 

In another embodiment of the present invention, two 
Substrates are provided, wherein at least one of two Sub 
Strates contain a plurality of cavities. The two Substrates are 
affixed together in the presence of at least one plasma 
forming gas So that when affixed, the cavities are filled with 
the gas or gas mixture. In an embodiment of the present 
invention at least one electrode is disposed between the two 
Substrates. In another embodiment, the inside, the outside, or 
both the inside and the outside of the cavities are coated with 
at least one coating. It is contemplated that any coating that 
may be applied to a micro-component as disclosed herein 
may be used. As illustrated in FIG. 5, one method of making 
a micro-component in accordance with this embodiment of 
the present invention is to take a first substrate 200 and a 
second substrate 210 and then pass the first substrate 200 and 
the second substrate 210 through a first roller assembly and 
a Second roller assembly, respectively. The first roller assem 
bly includes a first roller with nodules 224 and a first roller 
with depressions 228. The first roller with nodules 224 is in 
register with the first roller with depressions 228 so that as 
the first Substrate 200 passes between the first roller with 
nodules 224 and the first roller with depressions 228, a 
plurality of cavities 240 are formed in the first substrate 200. 
AS may be appreciated, the cavities may be in the shape 
desired for micro-components manufactured therewith Such 
as hemispheres, capillaries, cylinders, etc. The Second roller 
assembly, according to a preferred embodiment, includes 
two second rollers, 232 and 234. The first Substrate 200, with 
a plurality of cavities 240 formed therein, is brought together 
with the second substrate 210 in the presence of a plasma 
forming gas or gas mixture and then affixed, thereby forming 
a plurality of micro-components 250 integrally formed into 
a sheet of micro-components. While the first Substrate 200 
and the second substrate 210 may be affixed by any suitable 
method, according to a preferred embodiment, the two 
substrates are thermally affixed by heating the first roller 
with depressions 228 and the second roller 234. 

The nodules on the first roller with nodules 224 may be 
disposed in any pattern, having even or non-even spacing 
between adjacent nodules. Patterns may include, but are not 
limited to, alphanumeric characters, Symbols, icons, or pic 
tures. Preferably, the distance between adjacent nodules is 
approximately equal. The nodules may also be disposed in 
groupS Such that the distance between one group of nodules 
and another group of nodules is approximately equal. This 
latter approach may be particularly relevant in color light 
emitting panels, where each nodule in a group of nodules 
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may be used to form a micro-component that is configured 
for red, green, and blue, respectively. 
While it is preferred that the second roller assembly 

simply include two second rollers, 232 and 234, in an 
embodiment of the present invention as illustrated in FIG. 6, 
the Second roller assembly may also include a Second roller 
with nodules 236 and a second roller with depressions 238 
that are in registration so that when the second substrate 210 
passes between the second roller with nodules 236 and the 
second roller with depressions 238, a plurality of cavities 
260 are also formed in the second Substrate 210. The first 
substrate 200 and the second substrate 210 are then brought 
together in the presence of at least one gas So that the 
plurality of cavities 240 in the first Substrate 200 and the 
plurality of cavities 260 in the second substrate 210 are in 
register. The two Substrates are then affixed, thereby forming 
a plurality of micro-components 270 integrally formed into 
a sheet of micro-components. While the first Substrate 200 
and the second substrate 240 may be affixed by any suitable 
method, according to a preferred embodiment, the two 
substrates are thermally affixed by heating the first roller 
with depressions 228 and the second roller with depressions 
238. 

In an embodiment of the present invention that is appli 
cable to the two methods discussed above, and illustrated in 
FIG. 9, at least one electrode 280 is disposed on or within the 
first Substrate 200, the second Substrate 240 or both the first 
Substrate and the Second Substrate. Depending on how the 
electrode or electrodes are disposed, the electrode or elec 
trodes will provide the proper structure for either an AC or 
DC (FIG. 7) light-emitting panel. That is to say, if the at least 
one electrode 280 is at least partially disposed in a cavity 
240 or 260 then there will be a direct conductive path 
between the at least one electrode and the plasma-forming 
gas or gas mixture and the panel will be configured for D.C. 
If, on the other hand, the at least one electrode is disposed 
So as not to be in direct contact with the plasma-forming gas 
or gas mixture, the panel will be configured for A.C. 

In another embodiment of the present invention, at least 
one Substrate is thermally treated in the presence of at least 
one plasma-forming gas, to form a plurality of Shells 50 
filled with the plasma-forming gas or gas mixture. In a 
preferred embodiment of the present invention, as shown in 
FIG. 10, the process for making a micro-component would 
entail starting with a material or material mixture 700, 
introducing inclusions into the material 710, thermally treat 
ing the material So that the inclusions Start forming bubbles 
within the material 720 and those bubbles coalesce 730 
forming a porous shell 740, and cooling the shell. The 
process is performed in the presence of a plasma-forming 
gas So that when the shell cools the plasma-forming gas 45 
is sealed inside the shell 50. This process can also be used 
to create a micro-component with a shell doped with a 
conductive material and/or a Secondary emission enhance 
ment material by combining the appropriate dopant with the 
initial Starting material or by introducing the appropriate 
dopant while the shell is still porous. 

In a yet still further method of manufacture, the micro 
components can be manufactured using any of the above 
mentioned methods, but not in the presence of a plasma 
forming gas, and either in a vacuum, air or other atmosphere 
Such as an inert atmosphere. They can be fabricated with one 
or two openings, and the initial gas inside can be drawn out, 
for example, through injection of plasma-forming gas 
through one opening, forcing the gas therein out the other 
opening. The openings can then be Sealed conventionally. 

In yet another alternative method, a device having one or 
more micro-pippettes can create the micro-components 
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much like conventional glassblowing. The gas used to effect 
the glass-blowing operation can be one of the aforemen 
tioned plasma-forming gasses. 

In yet Still another alternative, an optical fiber extrusion 
device can be used to manufacture the micro-components. 
Like an optical fiber, which is Solid, the device can be used 
to extrude a capillary which is hollow on the inside. The 
capillary can then be cut, filled with plasma-forming gas and 
Sealed. 

With respect to the selection of materials and dimensions 
for the micro-components manufactured in the manner 
described herein, they are manufactured to meet require 
ments for various standard display resolutions. FIG. 7 illus 
trates an example of calculation of pixel Size and micro 
component size, in the case where the micro-components are 
spheres, for 42-inch and 60-inch high definition television 
display having a 16:9 aspect ratio. FIG. 8 is a table showing 
numbers of pixels for various Standard display resolutions, 
and using the process for manufacturing in accordance with 
the invention herein, Such Standards can be easily met. 

In a further aspect, once the micro-components are 
manufactured, it is desirable to condition them prior to 
assembly into a plasma display panel. By conditioning is 
meant exciting them for a time and at an excitation Sufficient 
to cause those micro-components which are likely to fail a 
Short time after assembly in a plasma display panel, to fail 
prior to assembly. In this manner the yield relative to 
non-defective micro-components which are eventually 
assembled into a plasma display panel is significantly 
increased. Examples of devices for achieving Said condi 
tioning are shown in FIGS. 11 and 12. As shown in the 
conditioning device 951 of FIG. 11 the manufactured and 
pretested micro-components 959 can be assembled between 
two conducting metal plates 957 which are powered through 
leads 955 by a voltage source 953 which can take various 
forms as illustrated therein. The micro-components 959 are 
Subjected to a field Sufficient to excite the plasma gas 
contained therein, and preferably at a level higher than any 
excitation level achieved when assembled in a plasma 
display panel. This is done for a period of time Sufficient 
Such that any micro-components which are prone to fail, will 
fail during the conditioning phase, typically five to ten 
hours. 

AS may be appreciated, an alternative System is illustrated 
by FIG. 13 which shows a conditioning device 901 which 
further includes a container909 for confining and containing 
micro-components 911. The container 909 may be placed 
between parallel plates or electrodes 903 which are powered 
through leads 905 by a power source 907 Such as a voltage 
Source of the type previously discussed with reference to 
FIG. 11. The advantage of such a system is that by having 
container 909, the micro-components are easily contained. 
After the conditioning period, the individual micro 
components can then be dropped through a System Such as 
pretesting device 801 shown in FIG. 11 without the presence 
of manufacturing drop tower 600, and tested previously 
described for the method during which the micro 
components are assembled. In this manner, those micro 
components which failed the conditioning are eliminated 
and only fully-functioning micro-components can then be 
assembled into a plasma display panel as heretofore 
described. 

With respect to micro-components manufactured as dis 
cussed with reference to FIGS. 5, 6, and 9, once assembled, 
they may be cut from the sheets on which they are formed. 
They can be pretested with a device Such as shown in the 
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lower half of FIG. 11 at 801 and 803. They can then be 
preconditioned as previously described with reference to 
FIGS. 12 and 13, and then retested with the device of the 
lower half of FIG 11 at 801 and 803. 

Other embodiments and uses of the present invention will 
be apparent to those skilled in the art from consideration of 
this application and practice of the invention disclosed 
herein. The present description and examples should be 
considered exemplary only, with the true Scope and Spirit of 
the invention being indicated by the following claims. AS 
will be understood by those of ordinary skill in the art, 
variations and modifications of each of the disclosed 
embodiments, including combinations thereof, can be made 
within the scope of this invention as defined by the following 
claims. 
What is claimed is: 
1. A process for forming a micro-component, comprising: 
forming a shell of predetermined shape and encapsulating 

therein a plasma-forming gas to thereby form a micro 
component, 

testing the formed micro-component for certain predeter 
mined physical characteristics, 

discarding each formed micro-component that does not 
meet the predetermined physical characteristics. 

2. The process of claim 1, further comprising: 
creating liquid droplets of the same Shape as the micro 

component to be formed, in the presence of a plasma 
forming gas, 

encasing Said droplets with a material which forms Said 
shell; and 

dehydrating Said encased droplets. 
3. The process of claim 1, wherein said predetermined 

shape is a sphere. 
4. The process of claim 1, wherein Said predetermined 

shape is a capillary. 
5. The process of claim 1, wherein Said testing comprises 

inspecting the formed micro-component for physical 
defects, and thereafter exciting the gas therein, detecting 
luminous output from each formed micro-component and 
discarding each formed micro-component that has physical 
defects or does not achieve a predetermined level of lumi 
nous output. 

6. The process of claim 1, wherein the micro-components 
are formed by forming a shell and thereafter injecting a 
plasma-forming gas therein and Sealing the shell to encap 
Sulate the plasma-forming gas in the shell. 

7. The process of claim 1, wherein the micro-component 
is formed by forming cavities in at least one of two Sub 
Strates in the presence of at least one plasma-forming gas, 
and affixing the two Substrates together. 

8. The process of claim 1, further comprising forming Said 
micro-components of a size of at least about 10 microns to 
about Several centimeters. 

9. The process of claim 1, further comprising coating the 
micro-component with a frequency converting coating. 

10. The process of claim 9, wherein said frequency 
converting coating is phosphor. 

11. The process of claim 9, wherein said frequency 
converting coating is a rare earth. 

12. The process of claim 9, wherein Said coating is at least 
one of barium fluoride, yttrium aluminum garnet, yttrium 
aluminum garnet doped with cerium, and gadolinium gal 
lium garnet. 

13. The process of claim 1, wherein Said plasma-forming 
gas is a rare gas halide. 

14. The method of claim 1, wherein said plasma-forming 
gas contains at least one of the rare gas halides. 
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15. The process of claim 1, wherein the micro 
components are formed by glass blowing with a capillary, 
and with a plasma-forming gas being blown through the 
capillary to form the plasma-forming gas encapsulating 
micro-component. 

16. A proceSS for testing formed micro-components, com 
prising: 

in a continuous process, optically inspecting micro 
components as they are formed for Structural defects, 
and 

discarding micro-components detected to have structural 
defects. 

17. The process of claim 16 further comprising applying 
an excitation field to the formed micro-components to cause 
plasma generating gas therein to become excited; 

optically inspecting each micro-component to determine 
if it discharges radiation; and 

discarding those micro-components that do not discharge 
radiation. 

18. The process of claim 17, wherein said micro 
components are excited by an electron beam. 

19. The method of claim 18, wherein said individual 
testing comprises discarding micro-components which fail 
Said individual testing. 

1O 
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20. The method of claim 18, wherein said micro 

components are excited at a level of excitation greater than 
any excitation to be applied when assembled in a plasma 
display. 

21. The method of claim 18, wherein said predetermined 
amount of time is Selected to be Sufficient to ensure that 
Substantially all micro-components which are to fail, fail 
during Said predetermined amount of time. 

22. The process of claim 17, wherein said micro 
components are excited by a tesla coil. 

23. The process of claim 17, wherein said micro 
components are excited by high frequency RF. 

24. A method of conditioning micro-components for use 
in plasma display, comprising 

assembling micro-components to be assembled into a 
display in a batch; 

applying an excitation field to the assembled micro 
components to excite a plasma generating gas in the 
micro-components for a predetermined amount of time; 
and 

terminating Said excitation and continuously individually 
testing the micro-components to ensure each one func 
tions. 
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The compound has a variable impedance between a first 
impedance state value and a second impedance State value 
which can be varied by application of energy thereto to 
thereby affect the amplitude or phase delay of electromag 
netic waves through the circuit. 

21 Claims, 11 Drawing Sheets 

  

  



? ‘61-I 

US 7.420,445 B2 Sheet 1 of 11 Sep. 2, 2008 U.S. Patent 

  



U.S. Patent Sep. 2, 2008 Sheet 2 of 11 US 7.420,445 B2 

9 
V 

wd 
CMO 

2 (Y) 
u? 

3 Sp 
l 

SD 
O 
2 

n 
CY 

wn 
Yr 

g 
O d 

R. S. C. PSR S R O) 

G - E - - S. ba 
( ) l 
2 

GD 
4. 

*- 
c 

CY 
CY cy 

  

  



US 7.420,445 B2 Sheet 3 of 11 Sep. 2, 2008 U.S. Patent 

?olunus uol?MS aeg 

  



U.S. Patent Sep. 2, 2008 Sheet 4 of 11 US 7.420,445 B2 

s 
s 

  







U.S. Patent Sep. 2, 2008 Sheet 7 of 11 US 7.420,445 B2 

ve 
ye 

g 

s 3 

-- 
d 

ka 

E. S. 3 
a s 

o 

U. 

9 (5 3 3 
s 

o E g 
s o 

3 25 to E 
s E S s 
g is is g 
e a 

c S. 
s 

p 

s 
s 

R 3. 

3. 3 

e c 

s Wis 

o o ar 

E E 9. se 9. 
da 3. 

2 es 9 s 
s is 
r r 
e a s 

O d 

9 s 

r R 

o o 

g 3 g g g se v O. g g g a 9 
Suautoduloo faulus beex eduo susuodulo AAuuad anhead xeduoo 

O 
O ve 

d g 
li- t 

  



U.S. Patent Sep. 2, 2008 Sheet 8 of 11 US 7.420,445 B2 

5 
  

  



U.S. Patent Sep. 2, 2008 Sheet 9 of 11 US 7.420,445 B2 

E. 

3 

  





U.S. Patent Sep. 2, 2008 Sheet 11 of 11 US 7.420,445 B2 

  



US 7,420,445 B2 
1. 

PHASE CHANGE CONTROL DEVICES AND 
CIRCUITS FOR GUIDING 

ELECTROMAGNETIC WAVESEMPLOYING 
PHASE CHANGE CONTROL DEVICES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of application Ser. No. 
1 1/376,341, entitled PHASE CHANGE CONTROL 
DEVICES AND CIRCUITS FOR GUIDING ELECTRO 
MAGNETIC WAVES EMPLOYING PHASE CHANGE 
CONTROL DEVICES, which was filed on Mar. 16, 2006 
now U.S. Pat. No. 7.256,668, which is continuation of appli 
cation Ser. No. 1 1/246,233, which issued as U.S. Pat. No. 
7,046,106, entitled PHASE CHANGE CONTROL 
DEVICES AND CIRCUITS FOR GUIDING ELECTRO 
MAGNETIC WAVES EMPLOYING PHASE CHANGE 
CONTROL DEVICES, which was filed on Oct. 11, 2005 now 
U.S. Pat. No. 7,046,106, which is continuation of application 
Ser. No. 10/980,601, which issued as U.S. Pat. No. 6,956,451, 
entitled PHASE CHANGE CONTROL DEVICES AND 
CIRCUITS FOR GUIDING ELECTROMAGNETIC 
WAVES EMPLOYING PHASE CHANGE CONTROL 
DEVICES, which was filed on Nov. 4, 2004 and is incorpo 
rated herein by reference in its entirety, and claims priority to 
the filing date thereof, which is a continuation of application 
Ser. No. 10/346,551, which issued as U.S. Pat. No. 6,828,884, 
entitled PHASE CHANGE CONTROL DEVICES AND 
CIRCUITS FOR GUIDING ELECTROMAGNETIC 
WAVES EMPLOYING PHASE CHANGE CONTROL 
DEVICES, which was filed on Jan. 17, 2003 and is incorpo 
rated herein by reference in its entirety, and claims priority to 
the filing date thereof, which is a continuation in part of 
application Ser. No. 09/851,619, which issued as U.S. Pat. 
No. 6,730,928, entitled Phase Change Switches and Circuits 
Coupling to Electromagnetic Waves Containing Phase 
Change Switches, which was filed on May 9, 2001, and 
claims priority to the filing date thereof, the disclosure of 
which is expressly incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to phase change Switches and other 
control elements or devices, and more particularly, to phase 
change Switches or control devices having a dynamic range of 
impedance, and circuits and components employing Such 
switches or control devices. More specifically, the invention 
relates to such Switches which can be employed in circuits 
Such as on frequency selective surface arrays, for controlling 
current flow throughout the array, through the use of the 
switches. By controlling such current flow, the properties of 
the frequency selective Surface array can be actively con 
trolled. In addition, the invention also relates to implementa 
tion of such Switches and other control devices in circuits, and 
the circuits themselves, that use conductive structures and 
dielectrics to guide electromagnetic (EM) waves. 

2. Background of the Invention 
Mechanical on/off switches have been used in circuits 

designed to interact with electromagnetic waves, and in par 
ticular, circuits designed to handle guided electromagnetic 
(EM) waves. Another set of such applications includes two 
dimensional periodic arrays of patch or aperture elements 
known as frequency selective surfaces (FSS), the capabilities 
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2 
of which have been extended by addition of active devices, 
Such as Switches, and which are generally known as active 
grid arrays. 
The mechanical process in these on/off switches involves 

the physical motion of a conductor (the “bridge') between 
two positions, i.e., one where the bridge touches another 
conductor and completes the direct current (DC) conducting 
path of the circuit ("closed’) or moves close enough to it that 
the capacitive impedance is low enough to complete the path 
for alternating current (AC) flow, and the other where it has 
moved away from the contact (“open’) to break the DC con 
ducting circuit path or to raise the capacitive impedance to 
block AC flow. Such mechanical switches have been made at 
micrometer size scale in so-called MEMS Micro-Electro 
Mechanical Systems. MEMS switch technology to date has 
shown poor lifetimes and packaging costs. 
A key goal in the use of MEMS switches with guided EM 

waves in the so-called radio frequency (RF) bands is to pro 
vide controllable phase delays in a circuit. This is done by 
using a set of Switches to introduce combinations of fixed 
length phase delay branches into a circuit path. The degree of 
phase delay control is related to how many separate branches 
(and switches to control them) are added to the circuit. The 
Switching in or out of a given fixed delay branch provides a 
step change in the net circuit phase delay. In this approach, if 
finer steps are desired to cover the same range of total phase 
delay, then more branches and Switches are required. 

Alternatively, transistor and transistor-like semiconductor 
Switching devices have been used in circuits designed to 
interact with electromagnetic waves and in particular, in cir 
cuits and components thereof that guide EM waves. Such 
devices which include PIN diodes and field effect transistors 
(FETs) form the basis of a collection of solid-state circuits 
operating on guided EM waves of up to gigahertz (e.g., GHZ, 
1 GHz-10 Hz) for use in microwave and communication 
systems. However, for the specific applications herein, the 
semiconductor Switching devices typically have shortcom 
ings in several areas, i.e., GHZ and above. Such shortcomings 
may include high Switching power required or high insertion 
losses. 

In the field of semiconductor memory devices, it has been 
proposed to use a reversible structural phase change (from 
amorphous to crystalline phase) thin-film chalcogenide alloy 
material as a data storage mechanism and memory applica 
tions. A Small Volume of alloy in each memory cell acts as a 
fast programmable resistor, Switching between high and low 
resistance states. The phase state of the alloy material is 
Switched by application of a current pulse, and Switching 
times are in the nanosecond range. The cell is bi-stable, i.e., it 
remains (with no application of signal or energy required) in 
the last state into which it was switched until the next current 
pulse of Sufficient magnitude is applied. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the invention there is 
provided a switch or control element or device for use in 
circuits and components that interact with electromagnetic 
radiation, and more specifically, in circuits or components 
that guide EM waves. The switch or control element or device 
includes a Substrate for Supporting components of the Switch. 
A first conductive element is on the substrate for connection 
to a first component of the circuit or component (hereafter 
collectively “circuit”), and a second conductive element is 
also provided on the Substrate for connection to a second 
component of the circuit. Such switches and circuits involve 
implementations to guide EM waves in circuits such as par 
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allel wire transmission lines, coaxial cables, waveguides, 
coplanar waveguides, striplines and microstriplines. Use of 
such switch devices allows control of energy flow through the 
circuits with functional properties such as fast Switching 
times, e.g., about 10 nanoseconds to about 1 microsecond; low 
insertion loss, e.g., about 1 dB or less; high isolation, e.g., 
about 20 dB or higher; long lifetime, e.g., at least about 10" 
cycles; and low cost. Addressing of the control devices either 
electrically or optically allows flexibility in how the devices 
are used. 
A circuit for guiding electromagnetic waves includes a 

Substrate for Supporting components of the circuit for guiding 
the electromagnetic waves and at least one control device. 
The control device includes at least one conductive element 
on the Substrate for connection to at least one component of 
the circuit. A second conductive element is provided on the 
Substrate for connection to at least one second component of 
the circuit and the control device is made up of a variable 
impedance Switching material on the Substrate. The Switching 
material connects the at least one first conductive element to 
the at least one second conductive element. The Switching 
material is made up of a compound which exhibits abi-stable 
phase behavior, and is variably Switchable to an impedance 
between the first impedance State value and up to a second 
impedance state value by application of energy thereto. As a 
result, the Switching affects the amplitude and/or phase delay 
of electromagnetic waves through the circuit as a result of a 
change in the impedance value of the compound. Similarly, 
the path of the guided EM waves can also be affected and/or 
controlled. 

In more specific aspects, the first and second impedance 
state values are such that at one value the control device is 
conductive, and at the other value the control device is less 
conductive or non-conductive. Preferably an energy source is 
connected to the control device for causing the change in 
impedance value. The energy source can be an electrical 
energy source with leads connected to the Switch. Alterna 
tively, the energy source could be a light source which is a 
laser positioned to direct a laser beam to the switch or control 
device to cause the change in impedance value. In a more 
specific aspect, fiber optics or an optical waveguide is asso 
ciated with the laser and the switch to direct the laser light to 
the switch. 

The circuit and components can be a circuit or component 
employing or made up as parallel wire transmission lines, 
coaxial cables, waveguides, coplanar waveguides, striplines, 
or microstriplines. The material making up the Switch or 
control device is preferably a chalcogenide alloy, and more 
preferably at least one of GeSbTes, and AgInSbTe. 

In a more preferred aspect, in some applications, the com 
pounds for the control device are used in a range of stable 
intermediate stage set on a Submicron Scale or mixtures of 
amorphous and crystalline phases, but which exhibit (aver 
age) intermediate properties under larger scale measurement 
or functional conditions. 

In an alternative aspect, the invention is directed to a con 
trol device for use in circuits which guide electromagnetic 
waves. The control device is made up as previously described 
herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Having thus briefly described the invention, the same will 
become better understood from the following detailed discus 
Sion, made with reference to the appended drawings wherein: 

FIG. 1 is a schematic view of the control device between 
two conductive elements as described herein; 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
FIGS. 2 and 3 are schematic views of a frequency selective 

Surface array shown, respectively, in a reflecting state and in 
a non-reflecting state, depending on the impedance value of 
control devices disposed throughout the array; 

FIG. 4 shows three views of increasing magnification of an 
array, with conductive elements and control devices arranged 
therein, and with a further magnified view of a typical switch 
control device; 

FIG. 5 is a schematic view of a circuit element similar to 
that of FIG. 1, for use in a switching frequency selective 
surface array (as in FIGS. 2, 3, and 4), where the entire 
element is made of switchable material but configured so that 
only the connecting elements change state upon application 
of electrical energy; 

FIGS. 6 and 7 are graphs illustrating measured values of the 
complex index of refraction of an alloy used in the control 
device, in the infrared for the crystalline phase, and the amor 
phous phase; 

FIG. 8 is a graph illustrating how the resistance of the phase 
change alloy can be continuously varied to provide reflectiv 
ity/transmissivity control in a circuit; 

FIGS. 9-12 are graphs illustrating measurement result for 
the complex relative permittivity component magnitudes for 
GeSb-Test (GST-225 or GST) and AgInSbTe (AIST) 
phase change material overa frequency range of 26-105 GHZ, 

FIG. 13 is a top view of conductor layers and phase change 
material layer on a dielectric Substrate of a guided wave 
device assembled as a coupled Stripline; 

FIG. 14 is a top view of conductor layers and phase change 
material layer on a dielectric Substrate of a guided wave 
device arranged as a coplanar waveguide; 

FIG. 15 is a perspective view of an alternative design for 
using phase change material to produce variable impedance 
Switching action in a coplanar waveguide structure; and 

FIG. 16 is a perspective view illustrating the use of phase 
change material to produce variable impedance Switching 
action in a dual stripline arrangement, and further illustrating 
how a separate energy source might be coupled directly to the 
control device to effect switching thereof. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 schematically illustrates a switch 11 in accordance 
with one aspect of the invention. The control device includes 
a substrate 13 having a variable impedance switch material 15 
deposited thereon to form a control device element, and con 
necting a first conductive element 17, typically a metal strip, 
to a second conductive element 19. In this embodiment, the 
conductive elements 17 and 19 can be, for example, two 
circuit paths of an array or circuit Such as a frequency selec 
tive Surface array. The entire array can sit on top of a dielectric 
substrate 13, such as polyethylene. 
The switch material 15 is typically a reversible phase 

change thin film material having a dynamic range of resistiv 
ity or impedance. An example of a typical Switch material for 
use in accordance with the invention is a chalcogenide alloy, 
more specifically, GeSbTes. Although a specific alloy 
has been described, it will be readily apparent to those of 
ordinary skill in the art that other equivalent alloys providing 
the same functionality may be employed. Other such phase 
change alloys include the AgInSbTe (AIST), GeInSbTe 
(GIST), (GeSn)SbTe, GeSb(SeTe), and Test GeissbS qua 
ternary systems; the ternaries GeSbTes, InSbTe, GaSeTe, 
SnSb, Tea, and InSbGe; and the binaries GaSb, InSb, InSe, 
SbTe, and GeTe. As already noted, several of these alloys 
are in commercial use in optical data storage disk products 
such as CD-RW, DVD-RW, PD, and DVD-RAM. However, 
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there has been no use or suggestion of use of Such an alloy as 
a control element in applications such as described herein. 
Typically, the alloy is deposited by evaporation or sputtering 
in a layer that is typically 20-30 nm thick to a tolerance of +1 
nm or less as part of a large Volume, conventional, and well 
known to those of ordinary skill in the art, manufacturing 
process. 

In this regard, with reference to the specific alloy dis 
cussed, FIGS. 6 and 7 illustrate measured values of the com 
plex index of refraction of GeSbTest over a spectral 
wavelength range that includes 8-12 Lum. At the mid-band 
wavelength of 10um, the real index, n, changes by a factor of 
2 between the two phases, but the so-called extinction coef 
ficient, k, goes from approximately 4.8 in the crystalline 
phase to near Zero in the amorphous phase. 

Accordingly, the following table shows calculations using 
this data to find the changes in resistivity (p) and dielectric 
constant (6) of the material. 

Optical and Electrical Properties of the alloy 
Ge--Sb--Tesa at IR vacuum wavelength of 10 Lim. 

Phase 

Crystalline Amorphous 

l 4.2 
k 4.8 O.O1 
f(frequency in Hz) 3 x 10 3 x 10 
po (nkf) 7.6.x 10 O.71 
(ohm-cm) 
e = n-k 44.2 17.6 

As the table shows, the change ink correlates with a change 
in resistivity of almost three orders of magnitude. 

In order to determine the thermal IR (infrared) perfor 
mance, the shunt is modeled as a capacitor and a resistor in 
parallel. The following table shows the calculated values for 
the capacitive and resistive impedance components with 
Switch dimensions in the expected fabrication range, using 
the expressions shown in the table. 

10 

15 

25 

30 

35 

6 
state, thereby interrupting the conductive paths such that elec 
tromagnetic radiation 33 impinging on the array then 
becomes reflected radiation 35. Conversely, FIG.3 shows the 
array with the control devices at a low impedance Such that 
the conductors 39 are continuous, and the impinging radiation 
33 passes through the array 31 as transmitted radiation 37. 

FIG. 4 illustrates in greater detaila typical circuit 51, which 
as illustrated in the intermediate magnification 53, includes a 
plurality of conductors 39 having the switches shown as dots 
interconnected therebetween. In order to vary the impedance 
of the switches, an energy source 57 may be connected to the 
individual conductors to provide current flow to the control 
devices 11 to thereby change the impedance of the control 
devices 11 by the application of energy, in the form of elec 
tricity. As further shown in the third magnification 55, while 
the conductors 39 themselves can be directly connected to an 
energy source, it is also possible to selectively establish leads 
59 to the switch material 15 to apply energy to the switch 
material directly and not through the conductors 39 to cause 
the impedance to vary. 

FIG.5 shows in detailan additional embodiment 101 of the 
invention in which conductive elements 103 and the connect 
ing control device 105 are entirely made of the same phase 
change material to form the control device element as com 
pared to the embodiment of FIG.1. In this embodiment, the 
control device 105 is purposely made less wide to form a 
switch element which is narrower than the conductive ele 
ments 103 that connect to it on either side, but having a 
thickness equal to the conductive elements 103. In this case, 
the cross section of the control device element is less than the 
cross section of the conductive elements 103, causing the 
electrical resistance per unit length to be greater in the control 
device element than in the conducting elements. When elec 
trical current is passed through a circuit made up of a series of 
these constricted Switch connections, i.e., control devices 
105, the phase change material in the control devices 105 will 
dissipate more electrical energy per unit length than the con 
ducting elements because of the higher resistance per unit 
length. This higher dissipation will cause the control devices 
105 to experience a greater temperature rise than the conduc 

Resistance (R) and capacitive reactance (X) components of the Switch impedance in 
the crystalline and amorphous states for several representative values of the 

Switch dimensions shown in FIG. 1. The capacitive reactance values are calculated 
Lising 0 = 1.9 x 10'Hz, which corresponds to f=30 THz or , = 10 Lim. 

Crystalline 

L W t Xc = (coC) with R = pL/Wt Xc = (coC) with 
(Lm) (Lm) (Lm) C = eWitt L (ohms) (ohms) C = eWit/L (ohms) 

1.O 1.O O.O1 1.36K 1K 3.4K 
1.O 1.O O.1 136 1OO 340 
1.O 1.O O.2 68 50 170 
1.O O.S O.1 271 2OO 68O 

As further shown in FIG. 8, the resistance of the specific 
alloy discussed herein can therefore be continuously varied to 
provide reflectivity control. 

FIGS. 2 and 3 thus show the effect on an array of the use of 
control devices 11. This is shown, for example, in a frequency 
selective surface array 31. In the case of FIG. 2, the array 
includes a plurality of conductors 39 having control devices 
41 as described herein interconnected therebetween. In the 
case of FIG. 2, the control devices are in a high impedance 

60 

65 

Amorphous 

R = pl/Wt 
(ohms) 

1M 
1OOK 
SOK 
2OOK 

tive elements 103. Therefore a correctly sized electrical cur 
rent pulse will cause the phase change material in the control 
devices 105 to change state while the phase change material 
in the conductive elements 103 remains in the low impedance 
state. As is the case with the earlier described embodiment as 
shown in FIG. 4, the leads 59 (not shown) can also be estab 
lished to connect to the control devices 105 to apply energy 
directly to the control device 105, and not through the con 
ductive elements 103. 
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While in a specific embodiment the impedance of the phase 
change material of control devices is varied by application of 
electrical current to change the state of the phase change 
material, it will be appreciated by those of ordinary skill in the 
art that given the nature of the material, other energy sources 
can be employed. For example, selectively targeted laser 
beams may be directed at the control devices to change the 
overall circuit current flow configuration, as well as other 
alternative means of providing energy to change the state and 
thus vary the impedance can be used. The laser beam can be 
directed through free space or can be directed through fiber 
optics or optical waveguide directly onto the control device 
as, for example, is schematically illustrated in FIG. 16 for a 
different embodiment application. 
As already discussed, in its various aspects the invention 

uses the changing properties of a specific type of metallic 
alloy. The alloys, as already noted, among others can include 
the compounds GST-225, GST, or AIST. The amount of 
energy needed to cause transition in alloy Volumes on the 
order of 1 um is in the range of about 1 to about 3 nanojoules 
for known materials depending on the thermal dissipation 
environment of the alloy volume. The energy can be supplied 
to the material, as already noted, in various ways including 
exposure to pulse, focused laser beams or application of a 
pulse of electrical current. The two phases, crystalline and 
amorphous, have different electromagnetic properties across 
a significant part of the electromagnetic spectrum. 

FIGS. 9-12 show the measured magnitude of the real and 
imaginary components (6 and 6" respectively) of the com 
plex (relative, i.e., normalized to eo) dielectric constant of the 
alloy GST over a range of RF electromagnetic frequency 
from about 26 GHz up to about 105 GHz for both phases, and 
show similar data for the alloy AIST. 
As the figures show, at a frequency of 50 GHz, for example, 

the real dielectric constant, e, changes by a factor of 5 
between the two GST phases, and by a factor of approxi 
mately 25 between the two IST phases. However, the imagi 
nary dielectric constant magnitude, 6", which is related to the 
conductivity of the material goes from approximately 45 (at 
50 GHz) in the GST crystalline phase to less than one in the 
GST amorphous phase. The corresponding change for e" of 
AIST at 50 GHZ is from about 350 to about 2.5. 

FIG. 13 shows a schematic depiction of a partial embodi 
ment of the invention in which the phase change material is 
placed between two metallic conductors 109 as a part of a 
structure 107, for example, an electromagnetic (EM) wave 
guiding structure. In this embodiment, the structure 107 is a 
dual stripline structure which guides EM waves in a manner 
well known to those of ordinary skill in this art. Based on the 
known properties of the phase change material, the change in 
the lumped impedance of the material can be estimated as the 
material changes from crystalline to amorphous phase. For 
the GST material at 50 GHz, the resistive (real) impedance, 
which scales inversely with 6", will increase by a factor of 
over 50 as the material changes from crystalline to amor 
phous, while the capacitive (imaginary) impedance, which 
scales inversely with 6, will increase by a factor of approxi 
mately eight (8) at the same time. Similarly, for the AIST 
material at 50 GHz, the resistive (real) impedance will 
increase by a factor of approximately 140 as the material 
changes from crystalline to amorphous, while the capacitive 
(imaginary) impedance will increase by a factor of about 25 at 
the same time. Without predicting exact effects in a specific 
embodiment, it will be readily apparent to those of ordinary 
skill in the art that this level of change in lumped impedance 
components is Sufficiently large to design devices to produce 
significant control effects in wave guiding structures. In the 
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8 
case of the dual stripline structure of FIG. 13, the components 
are arranged on a dielectric substrate 113 to guide the elec 
tromagnetic waves in desired paths. 

In a more specific embodiment as Schematically illustrated 
in FIG. 13, an energy source 115 can be coupled through a 
direct connection 117 to the control device 111 to effect the 
change in impedance. The energy source can be an electrical 
source 115 coupled through a lead or leads 117 to the switch 
material 111, or alternatively, can be a laser coupled through 
a fiber optic fiberto the switch material. As already previously 
noted, the laser can alternatively also be free standing and the 
laser beam directed in free space to the control device or 
Switch material to provide the necessary energy to change the 
state thereof. 

FIG. 14 illustrates yet still another embodiment of an 
implementation of the invention described herein in which 
the guided wave device is a coupled stripline 121. The phase 
change material 123 is arranged between conductors 125 and 
127 of the coupled stripline 121 structure which are respec 
tively connected at each end through conductor layers 133 
making up a part of a coplanar waveguide termination 131. 

In a yet still further embodiment, FIG. 15 illustrates an 
implementation of the control device in a guided wave device 
made up as a coplanar waveguide 141. The coplanar compo 
nents 143 are arranged adjacent to each other and include the 
phase change material 145 arranged between conductor layer 
149 on a dielectric Substrate 147. 

In a final embodiment described herein as shown in FIG. 
16, the guided wave device is a coplanar waveguide structure 
151 which includes a metal center conductor 153 with the 
phase change material or control device 155 arranged as an 
insert. The device 151 also includes parallel metal ground 
planes 157 arranged on a dielectric substrate 159. 
As may be appreciated from the table in FIG. 8, in these 

types of guided wave devices such as shown in FIGS. 13-16, 
the variable impedance carries with it a variation of the phase 
delay in the guided wave, as will be readily apparent to those 
of ordinary skill. Thus, the guided wave devices can be 
employed as variable phase delay devices. 

Having thus described the invention in detail, the same will 
become better understood from the appended claims in which 
it is set forth in a non-limiting manner. 
The invention claimed is: 
1. A circuit for guiding electromagnetic waves, compris 

1ng: 
a Substrate for Supporting components of the circuit for 

guiding electromagnetic waves; 
a co-planar waveguide; and 
at least one control device comprising: 

(a) at least one first conductive element on the substrate 
for connection to at least one first component of the 
circuit, 

(b) at least one second conductive element on the Sub 
strate for connection to at least one second component 
of the circuit, and 

(c) a control element made up of a variable impedance 
Switching material on the Substrate, and connecting 
the at least one first conductive element to the at least 
one second conductive element; 

wherein the Switching material is comprised of compound 
which exhibits a bi-stable phase behavior, and having a 
variable impedance between a first impedance state 
value and a second impedance state value by application 
of energy thereto, thereby affecting at least one ampli 
tude and phase delay of electromagnetic waves flowing 
through the circuit, as a result of change in the imped 
ance value of the compound; and 
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wherein the co-planar waveguide further comprising com 
ponents that are arranged adjacent to each other. 

2. The circuit of claim 1, further wherein the components 
include the Switching material arranged between a conductor 
layer on a dielectric substrate. 

3. A circuit for guiding electromagnetic waves, compris 
ing: 

a Substrate for Supporting components of the circuit for 
guiding electromagnetic waves; 

a co-planar waveguide; and 
at least one control device comprising: 

(a) at least one first conductive element on the substrate 
for connection to at least one first component of the 
circuit, 

(b) at least one second conductive element on the Sub 
strate for connection to at least one second component 
of the circuit, and 

(c) a control element made up of a variable impedance 
Switching material on the Substrate, and connecting 
the at least one first conductive element to the at least 
one second conductive element; 

wherein the Switching material is comprised of compound 
which exhibits a bi-stable phase behavior, and having a 
variable impedance between a first impedance state 
value and a second impedance state value by application 
of energy thereto, thereby affecting at least one ampli 
tude and phase delay of electromagnetic waves flowing 
through the circuit, as a result of change in the imped 
ance value of the compound; and 

wherein the co-planar waveguide structure includes a 
metal center conductor with the control device arranged 
as an insert. 

4. The circuit of claim 3, wherein the first and second 
impedance state values are such that at one value the control 
device is conductive, and at the other value the switch is from 
less conductive to being non-conductive. 

5. The circuit of claim 3, further comprising an energy 
Source connected to the control device for causing the change 
in impedance values. 

6. The circuit of claim3, further comprising separate leads 
connected to the control device for connection to an energy 
SOUC. 

7. The circuit of claim 6, wherein the energy source com 
prises a light source. 

8. The circuit of claim 7, wherein the light source is a laser 
positioned for directing a laser beam to the control device to 
cause the change in impedance values. 

9. The circuit of claim 8, further comprising at least one of 
fiber optics and optical waveguides associated with the laser 
and the control device to direct laser light from the laser to the 
switch. 

10. A control device for use in circuits which guide elec 
tromagnetic waves where the circuit is a coplanar waveguide, 
the control device comprising: 

a Substrate for Supporting components of the control 
device; 

at least one first conductive element on the substrate for 
connection to a first component of a circuit which guides 
electromagnetic waves; 

at least one second conductive element on the Substrate for 
connection to a second component of the circuit; and 

a control element made up of a variable impedance Switch 
ing material on the Substrate, and connectable to the at 
least one first conductive element and to the at least one 
second conductive element; 

wherein the Switching material comprised of a compound 
which exhibits a bi-stable phase behavior, and having a 
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10 
variable impedance state value by application of energy 
thereto, to thereby affect at least one of amplitude and 
phase delay of electromagnetic waves flowing through a 
circuit employing the control device when connected 
thereto, as a result of a change in the impedance value of 
the compound; and 

wherein the switching material is a thin film material. 
11. The control device of claim 10, wherein the switching 

material is a reversible phase change material having a vari 
able impedance over a specified range which is dependent on 
the amount of energy applied to the material. 

12. The control device of claim 10, wherein the first and 
second conducting elements are the same material as the 
Switching material. 

13. The control device of claim 10, wherein the control 
device is shaped to Switch its phase state to the second imped 
ance state in response to an application of energy to the 
Switch, and remains in the second impedance state without 
continuing the application of energy. 

14. A control device for use in circuits which guide elec 
tromagnetic waves where the circuit is a coplanar waveguide, 
the control device comprising: 

a Substrate for Supporting components of the control 
device; 

at least one first conductive element on the substrate for 
connection to a first component of a circuit which guides 
electromagnetic waves; 

at least one second conductive element on the Substrate for 
connection to a second component of the circuit; and 

a control element made up of a variable impedance Switch 
ing material on the substrate, and connectable to the at 
least one first conductive element and to the at least one 
second conductive element; 

wherein the Switching material comprised of a compound 
which exhibits a bi-stable phase behavior, and having a 
variable impedance state value by application of energy 
thereto, to thereby affect at least one of amplitude and 
phase delay of electromagnetic waves flowing through a 
circuit employing the control device when connected 
thereto, as a result of a change in the impedance value of 
the compound; and 

wherein the alloy comprises GeSbTes, or AgInSbTe. 
15. The control device of claim 14, further comprising an 

energy source connected thereto for causing the change in 
impedance values. 

16. The control device of claim 14, further comprising 
separate leads connected to the Switch for connection to an 
energy Source. 

17. The control device of claim 16, wherein the energy 
Source comprises a light source. 

18. The control device of claim 17, wherein the light source 
is a laser positioned for directing a laserbeam thereto to cause 
the change in impedance values. 

19. The control device of claim 18, further comprising at 
least one of fiber optics and optical waveguides associated 
with the laser and the switch to direct laser light from the laser 
thereto. 

20. The control device of claim 14, wherein the switching 
material comprises chalcogenide alloy. 

21. The control device of claim 14, wherein the first and 
second impedance state values are Such that at one value the 
control device is conductive and at the other value the switch 
is from less conductive to being non-conductive. 
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