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[57] ABSTRACT

An integrated optoelectronic chip 116 produces multiple
modulatable outputs in a read write head. An array of light
guides in a light guide switchyard has some terminations at
output apertures and some at beam dumps within the read/
write head. The beam dumps absorb and dissipate any light
conveyed to them. The beam switches allow control of the
direction of light emitted from an on-board laser 106 which
enters the array of light guides. By switching between a
respective beam dump and a respective output aperture, the
beam switch is used to modulate the output from the
aperture. The light emitted can be imaged onto a target
surface by a lens system or a single holographic element. In
an alternative embodiment, instead of dumping the light to
a beam dump, it can also be directed away from the target
surface. An optoelectronic chip for modulating multiple
outputs can be formed without an embedded laser. Instead,
a separate laser may be connected to a chip having light
guides, optoelectronic switches, and beam dumps, only.

36 Claims, 9 Drawing Sheets
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MULTIPLE CHANNEL DATA WRITING
DEVICE

BACKGROUND OF THE INVENTION

Various optical scanners are known for such applications
as data storage, bar code reading, image scanning (surface
definition, surface characterization, robotic vision), and lidar
(light detection and ranging). Referring to FIG. 1, a prior art
scanner 50 generates a moving spot of light 60 on a planar
target surface 10 by focusing a collimated beam of light 20
through a focusing lens 40. If the assembly is for reading
information, reflected light from the constant intensity spot
60 is gathered by focusing lens 40 and returned toward a
detector (not shown). To write information, the light-source
is modulated. To cause the light spot 60 to move relative to
the surface 10, either the surface 10 is moved or the scanner
50 is moved. Alternatively, the optical path could have an
acousto-optical beam deflector, a rotating prism-shaped
mirror, or a lens driven galvanometrically or by piezoelectric
positioners. Scanners also fall into two functional groups,
raster and vector. Both types generally use the same types of
beam deflection techniques.

Higher-speed raster scanners use either spinning prism-
shaped (polygonal cross-sectioned) mirrors or multifaceted
spinning holograms (hologons). Performance parameters for
these conventional beam deflection techniques are listed in
Table 1. The discrete optics in these devices are generally
associated with high costs for mass manufacture, assembly
and alignment.

TABLE 1

Performance of Conventional Beam Deflectors for Optical Scanning.

Galvano- Hologons ~ Acousto-
Polygonal Driven Trans- Optic
Parameter Mirrors Mirrors mission)  Deflectors
‘Wavefront A8 at 0.55  A/8 at 0.55 A6 at 0.55 A/2 at 0.55
Distortion um um um um
area resolu- 25,000 25,000 25,000 1,000
tion (spot- (scan lens (scan lens (scan lens (scan lens
widths/sec limited) limited) limited)  limited)
Cross-axis 10arcsec 1-2 arc sec 10 arcsec O
error (uncorrected) (uncorrected)
Speed (spot 1x 108 2 x 10° 2x 107 2.8 x 107
widths/sec)
Bandwidth 0.3-20 pm 0.3-20 ym Mono- mono-
chromatic chromatic
Scan 80-1 00% 65-90% 90% 60-80%
efficiency

(from The Phoionics Design and Applications Handbook 1993, Laurin
Publishing Co., Inc., p.H-449)

The performance parameters listed in Table 1 assume
different levels of importance depending on the optical
scanning application. For raster scanning to cover extended
surface areas, the emphasis is on speed, area resolution, and
scan efficiency. Wide bandwidth is needed if the surface is
to be color scanned. For applications requiring vector scan-
ning of precise paths at high resolution, the optical system
typically uses a monochromatic, focused spot of light that is
scanned at high speed with low wavefront distortion and low
cross-axis error. Optical data storage has been a prime
application of this type of optical scanning.

In optical data storage media, information is stored as an
array of approximately wavelength-size dots (bit cells) in
which some optical property has been set at one of two or
more values to represent digital information. Commercial
read/write heads scan the media with a diffraction-limited
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spot, typically produced by focusing a collimated laser beam
with fast objective lens system as shown in FIG. 1. A fast
objective lens, one with a high numerical aperture, achieves
a small spot size by reducing Fraunhofer-type diffraction.
The spot is scanned by moving an assembly of optical
components (turning mirror, objective lens, position
actuators) over the optical medium, either along a radius of
a disc spinning under the spot or across the width of a tape
moving past the head. The assembly moves in one dimen-
sion along the direction of the collimated laser beam. As the
disk spins or the tape feeds, the line of bit cells must be
followed by the spot with sufficient precision to avoid
missing any bit cells. The fine tracking is achieved by servo
mechanisms moving the objective lens relative to the head
assembly. An auto-focus servo system is also necessary to
maintain the diffraction limited spot size because the
medium motion inevitably causes some change in the mean/
medium separation with time. Proper focus adjustment is
possible because the medium is flat and smooth. Such a
surface reflects incident light in well-defined directions like
a mirror. Light reflected from the medium is collected by
focusing optics and sent back along the collimated beam
path for detection.

Scanning by several spots simultaneously is used to
achieve high data rates through parallelism in one known
system called the CREO® optical tape system. One scan-
ning device that avoids reliance on discrete optical elements
to achieve scanning is described in U.S. Pat. No. 4,234,788.
In this scanner, an optical fiber is supported rigidly at one
end in a cantilevered fashion. The supported end of the fiber
is optically coupled to a light emitting diode or photo diode
for transmitting or receiving light signals, respectively. The
fiber is free to bend when a force is exerted on it. The fiber
can thus be made to scan when light from the light-emitting
diode emanates from the tip of the fiber ss the fiber is forced
back and forth repeatedly. To make the fiber wiggle back and
forth an alternating electric field, generally perpendicular to
the axis of the fiber, is generated. The fiber is coated with a
metallic film. A charge is stored on the film, especially near
the tip, by forming a capacitance with a metallized plate
oriented perpendicularly to the fiber axis (optically at least
partly transparent). The stored charge makes the fiber
responsive to the electric field.

A drawback of this device is the limit on the speeds with
which the fiber can be made to oscillate. The device requires
a series of elements to move the fiber: an external field-
generating structure, a DC voltage source to place charge on
the fiber coating, an AC source to generate the external field.
Another drawback of this prior art mechanism is the inherent
problem of stress fractures in the fiber optics. Bending the
fiber repeatedly places serious demands on the materials.
Problems can arise due to changes in optical properties,
changes in the mechanical properties causing unpredictable
variation in the alignment of the plane followed by the
bending fiber, the amplitude of vibration, the natural fre-
quency of vibrations, and structural failure. Still another
limitation is imposed by the need to place a conductor
between the fiber tip and the optical medium to form the
capacitance. This places another optical element between
the fiber tip and the scanned surface and makes it impossible
to sweep the tip very close to the scanned surface as may be
desired for certain optical configurations.

Another prior art scanning device is described in U.S. Pat.
No. 5,422,469. This patent specification describes a number
of different devices to oscillate the end of an optical light
guide or optical fiber. One embodiment employs a piezo-
electric bimorph connected to the free end of a device to
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which the free end of an optical fiber and a focusing lens are
attached. Reflected light is directed back through the fiber to
a beam splitter which directs the reflected light out of the
bidirectional (outgoing/return) path at some point along the
fiber remote from the source of light. The above embodi-
ment uses a simpler prime mover, a piezo-electric bimorph.
However, the need for a focusing lens attached to the end of
the fiber, by increasing the mass, imposes difficult practical
requirements for high speed oscillation of the fiber. In
addition, to achieve very small projected spot size requires
a high numerical aperture at the output end of the focusing
optics. It is difficult to achieve this with the conventional
optics contemplated by the 469 disclosure. Furthermore, the
reciprocation of the fiber as described in the *469 patent
requires a multiple-element device. Friction between the
motor and the fiber can cause changes in the optical prop-
erties of the fiber, and mechanical changes in the motor, the
fiber, or the interface, that result in changes (which may be
unpredictable) in the amplitude of oscillation or the resonant
frequency of the motor-fiber combination (which might
generate, or be susceptible to, undesired harmonics). Also,
the process of assembly of such a combination of a motor
and a fiber presents problems. Ideally, for high frequency
operation, the device would be very small.

Common to all storage/retrieval devices is the need for
greater and greater data rates. Increases in speed have been
achieved by increasing the speed of scanning. However,
there are practical limits, particularly with regard to the
writing operation, relating to physical properties inherent in
the optical media.

Also common to the applications of optical scanning
technology is the need for great precision in the focus of the
scanning light source and the return signal.

SUMMARY OF THE INVENTION

According to an embodiment, the invention provides an
optical scanner employing an array of optical fibers driven
by a micro electro-mechanical systems (MEMS) motor. The
fibers are held on a stage which is oscillated by a MEMS
motor. The light collected from the tips of the fibers is
captured and focused to an array of small spots by imaging
optics which, in this embodiment, are fixed relative to the
scanned surface. This generates a rapidly sweeping array of
light spots on the scanned surface. In alternative
embodiments, the focusing optics are oscillated and the fiber
array is held fixed. In another embodiment, the focusing
optics and the fiber array are oscillated as a single assembly.
Other motors may be used with the invention.

According to another embodiment, the invention provides
a device for writing data to a target surface of a piece of
media. The structure of the media can be modified by
impingement of light. The device has a base element with a
light source, light guides, optical switches, multiple output
apertures, and at least one beam dump interconnected in
such a way that light from the light source is selectively
conveyed to the output apertures and/or to the at least one
beam dump. The output apertures are arranged relative to the
target surface such that the light emitted from the apertures
impinges on the target surface. The device has a controller
connectable to a data source to receive data signals. The
controller is connected to control the switches. The control-
ler is programmed to control the switches to selectively
convey light to the output apertures or to the beam dump
such that the light is impinged on the target surface in such
a way as to result in a modulation of the surface that
represent the data signals. In a variation, the base element is
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an optoelectronic chip. In another variation, the device has
a frame connected to the base element. The piece of media
is attachable to the frame such that the piece of media is
movable relative to the base element. As a result, the target
surface moves in a first direction relative to the base ele-
ment. An oscillating motor connected between the frame and
the base element oscillates the base element relative to the
target surface. In another variant, the target surface is moved
continuously in the first direction at a constant speed. In still
another variant, a direction of an oscillation of the base
element has a component substantially perpendicular to the
first direction. In still another variant, the controller is
programmed to convey substantially all of the light from the
light source sequentially toward each of the multiple output
apertures. A feature is provided in another embodiment,
wherein the controller is programmed to interrupt,
selectively, a final conveyance of the light to a respective
one of the apertures by switching the light from a path
connecting to one of the output apertures to a beam dump in
response to the data signals. In this way, an output from the
multiple output apertures is modulated without modulating
the laser source. According to another feature the controller
is programmed to modulate light emitted from the multiple
output apertures by selectively conveying the light from the
light source to the beam dump to prevent light from being
emitted from at least one of the multiple apertures and
conveying the light from the light source to the multiple
output apertures to emit light from the output apertures. A
variant provides that the light source is a laser and the base
element is an optoelectronic chip with the laser built into the
chip. Another variant provides that the light source directs
all of the light into a first of the light guides which connects
with second and third light guides through a first of the
switches. The light is directed through the second light
guide, which leads to a first output aperture, when the first
switch is in a first position and the light is directed through
the third light guide when the first switch is in a second
position. Another alternative provides that the first light
guide has a second switch capable of directing the all of the
light to the (at least one) beam dump. Alternatively, the
second light guide has a second switch while the third light
guide has a third switch, and they are configured to direct the
all of the light to the at least one beam dump, selectively.
Another feature provides a focusing element between the
output apertures and the target surface to image light from
the output apertures onto the target surface.

According to still another embodiment, the invention
provides a multiple, parallel-channel data writing device for
writing on media. The device has a write head with output
apertures, each corresponding to an output channel. Further,
the device provides imaging optics between the media and
the write head to focus light emitted from the output
apertures simultaneously on the media. As a result, a state of
the media is altered and the media is written on. A controller
is programmed and connected to modulate light emitted
from the output apertures responsively to an external data
stream. An oscillating motor, mechanically connected
between the media and the write head, oscillates the write
head along a first direction at least partly perpendicular to a
unidirectional feed direction of the media. As a result of this
feature, the oscillation of the write head combined with a
modulation of the modulated light emitted from the output
apertures, causes data derived from the external data stream
onto the media to be written over an area substantially
proportional to a cross product of the first direction and the
unidirectional feed direction. In a variant, the area is sub-
stantially proportional to a number of the output apertures.
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In another variant, the rate of data writing of the write head
is proportional to a rate of feed of the media relative to the
write head. Another variant provides that the write head
contain a laser which is run continuously and provides that
the device include at least one optoelectronic switch. The
light from the output apertures is modulated by switching
the optoelectronic switch between the output apertures and
a beam dump in the write head. In another variant the write
head has two lasers connected by an optoelectronic switch to
a light guide leading to the output apertures. The switch may
connect one of the two lasers to a given output aperture by
default and the other of the two lasers to the given output
aperture when the default laser fails. In a further variation,
the write head oscillates relative to the media and the
imaging optics. Alternatively, the imaging optics are fixed
relative to the write head. A further option provides that the
write head is an optoelectronic chip with integrally formed
waveguides and switches formed photo-lithographically
therein.

According to still another embodiment, the invention
provides a multiple parallel-channel data writing device for
writing on media. The device has a write head with output
apertures, each corresponding to an output channel. Imaging
optics between the media and the write head focus light
emitted from the output apertures simultaneously on the
media. This alters a state of the media resulting in a writing
operation. A controller is programmed and connected to
modulate light emitted from the output apertures respon-
sively to an external data stream. An oscillating motor,
mechanically connected to the imaging optics between the
media and the write head, oscillates the imaging optics in
such a way that images of light emitted from the output
apertures are oscillated on the media along a first direction
at least partly perpendicular to a unidirectional feed direc-
tion of the media with respect to the write head. As a result
of an oscillation of the write head and a modulation of the
modulated light emitted from the output apertures, the
device writes data derived from the external data stream
onto the media over an area substantially proportional to a
cross product of the first direction and the unidirectional
feed direction. According to a variation the area is substan-
tially proportional to a number of the output apertures.
According to another variation, a rate of data writing of the
write head is proportional to a rate of feed of the media
relative to the write head. Another variant provides that the
write head contains a laser which is run continuously and at
least one optoelectronic switch. The light from the output
apertures is modulated by switching the optoelectronic
switch between the output apertures and a beam dump in the
write head. In another variant, the write head has two lasers
connected by an optoelectronic switch to a light guide
leading to the output apertures. The switch connects to one
of the two lasers to the output apertures by default and to
another of the two lasers when the one of the two lasers fails.

BRIEF DESCRIPTION OF THE DRAWING

In the drawing,

FIG. 1 is a ray trace diagram showing a scanning device
according to the prior art.

FIG. 2 is an illustration of an optoelectronic chip with
integral waveguides, beam switches, a laser source, and
beam dumps to allow the generation of a modulated signal
using one laser source through multiple channels simulta-
neously.

FIGS. 3 and 4 are diagrams for discussing the operation
of the embodiment of FIG. 2.
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FIG. 5 is an illustration of another optoelectronic chip
with more elements including, as in the embodiment of FIG.
2, integral waveguides, beam switches, a laser source, and
beam dumps to allow the generation of a modulated signal
using one laser source through multiple channels simulta-
neously.

FIG. 6 is an illustration of an embodiment similar to that
of FIG. § in which lasers sources are supplied with crossover
backup connections by means of light guides and additional
switching.

FIG. 7 is an illustration of a group of lasers formed in an
optoelectronic chip interconnected by combiners to combine
the energy of the lasers into one source.

FIG. 8 is an embodiment similar to that of FIG. 2 except
that a single beam dump is used for modulation instead of
multiple beam dumps.

FIG. 9 is a ray trace diagram showing a multiple channel
scanning head according an embodiment of the invention,
where the imaging optics are fixed and the scanning head is
oscillated by a MEMS motor to scan a region of a target
surface.

FIG. 10 is a ray trace diagram showing a multiple channel
scanning head according an embodiment of the invention,
where the imaging optics and scanning head are fixedly
interconnected and oscillated as a unit by a MEMS motor to
scan a region of a target surface.

FIG. 11 is a ray trace diagram showing a multiple channel
scanning head according an embodiment of the invention,
where the imaging optics are oscillated as a unit by a MEMS
motor to scan a region of a target surface.

FIG. 12 is an illustration of a controller that controls an
optoelectronic chip.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Referring to FIG. 2, an integrated optoelectronic chip 116
produces multiple modulatable outputs at 101. Beam dumps
102 absorb and dissipate any light signal applied to them.
Beam switches at 105 (including 1054, 105b, and 105c¢)
allow control of the direction of light emitted from an
on-board laser 106 which enters an array of light guides 117
(including branches 117a—117¢) formed in the chip 116 at an
entry point 107. By switching between a respective beam
dump 102 and a respective output 101, beam switch 105 is
used to modulate the outputs 101 of the chip 116. The light
emitted can be imaged onto a target surface by a lens system
or a single holographic element. In an alternative
embodiment, instead of dumping the light to a beam dump,
it can also be directed away from the target surface.

An optoelectronic chip for modulating multiple outputs
can be formed as shown in FIG. 2 without an embedded laser
106. Instead, a separate laser (not shown) may be connected
to a chip having light guides 117, optoelectronic switches
105, and beam dumps 102, only.

The light guides 117 (or optical wave guides) are formed
directly in the chip 116 using fabrication techniques similar
to those employed in the manufacture of integrated circuits.
Optoelectronic chips are formed in a layer-by-layer process
beginning with a suitable substrate such as silicon or glass
wafer. A thin metal film is applied to the substrate and
patterned to define electrodes and conductors. Next, a layer
of material is added to form the optical waveguides and the
material is patterned using photolithography. Switches may
be formed by doping the material (or by other known
methods) to create non-linear optical effects in the switching
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regions. In a purely additive process, additional material
layers can be applied sequentially, on each of which addi-
tional optical paths, electrodes, and conductors can be
formed.

Referring now also to FIG. 3, light enters the array of light
guides 117 through entry port 107. Thereafter, light travels
as indicated by arrows 112. At each optical switch, light is
directed along one of two possible paths or can be divided
by some percentage between guides. For example, light
entering switch 105a can be switched to transmit the light
entering through entry port 107 along branch 1174 or branch
117b. If, for example, at a particular time, a datum is to be
written at a position A on the medium 10 by impinging light
energy at a first time and then, subsequently, at a second
time, preventing any light from falling on region A and
assuming no light is to impinge on any of the regions A
through D during the second time interval, then the various
switches would be controlled as follows. During the first
time interval, optical switches 1054, 1055, and 105¢ would
be set to direct light along the path 117a-117¢-117e so that
light is emitted from an output 101a. At the beginning of the
second time interval, switches 1054 and 105b can remain in
their positions and switch 105¢ is switched to direct light
along path 117d causing the light to be absorbed in beam
dump 1024a. The above is only an example. By extension, it
is apparent that through appropriate control of the various
switches 105, light can be emitted from any of the ports, one
at a time, and during any time required, the switches 105 can
be controlled so that no light is emitted at all. Through this
configuration, a single light source can be used to write
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cyclicly toward the four outputs 101. The final switches
would be used synchronously with the cyclic control of the
non-final switches, to modulate the pulses of light directed
toward them.

Referring to FIG. 4, the following table summarizes the
switching aspect of such a control regime to cyclicly direct
the light toward the four target regions.

target Switch positions

region 105a 105b 105g
A Bypass bypass no effect
B Bypass through no effect
C Through no effect through
D Through no effect bypass

The following table indicates how the switches are set to
direct light toward a particular region (“on”) or modulate
light off when light is directed toward that region (“off”).

Switch positions

Target region  105¢ 105d 105e 105f 105a 105b 105g
A-on Through  no effect no effect no effect bypass bypass no effect
B-on no effect  through no effect no effect bypass through no effect
C-on no effect no effect  through no effect  through no effect through
D-on no effect no effect no effect through through no effect  bypass
A-off Bypass no effect no effect no effect bypass bypass no effect
B-off no effect  bypass no effect no effect bypass through no effect
C-off no effect no effect  bypass no effect  through no effect through
D-off no effect no effect no effect bypass through no effect  bypass
45

multiple tracks of data which saves the cost of parts and the
power required to operate the light source. In addition,
power does not have to be cycled to the light source to
control it and this can result in lower stress on the light
source component. For a laser, this means it can operate in
a continuous wave (CW) long lifetime, stable mode.

The utility of the invention is apparent in the following
scenario. Assume that the maximum output power from a
single laser is enough (after system losses), to supply several
(e.g., four) optical scanning channels. A read/write head with
the chip 116 would use the switching functions to direct the
laser output to the four output channels in parallel (meaning
dividing power between the guides) with precise synchro-
nization to address each channel at any time when its output
was positioned to write. If a channel is writing to the scanned
surface, modulation of that channel is done using the last
switch (e.g. 105¢) before the output aperture 101a. The chip
116 uses the last switch in a series to divert the laser output
to a respective beam dump. For example, if a “zero” is
written by modulating the light output to zero output, the
respective switch (e.g., 1054) is controlled to direct the light
to a beam dump 102. A control regime might control all of
the switches 105 except the final ones, to direct the light
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Referring now to FIG. 5, an example of a chip 216 with
sixteen outputs 201a—-201¢q and employing four inputs each
connected to a respective laser 206. In the embodiment of
FIG. 5, four devices 2184-218d, essentially the same as
shown in FIG. 4 are ganged on one chip. A more elaborate
design that includes more extensive crossover is shown in
FIG. 6. In this embodiment, when one light source fails, at
least one other can be used to permit continued operation.
Additional switches 205a-205d can be used to supply light
from adjacent lasers 206 into a given path. An additional
laser 2064 1is included to provide backup for an orphaned set
of outputs. Note that the crossing light guides could be used
if they are fabricated on separate layers with the junctions
formed deep enough to permit connections.

Referring now to FIG. 7, the outputs of multiple lasers
306 can be combined for an application that requires an
output intensity greater than a single laser can produce
alone. In an optoelectronic chip 316, multiple optical rail
taps 320 are used to combine the outputs of more than one
laser 306. In this embodiment, four lasers combine to
generate one combined output 325. This embodiment is
particularly useful for use with laser devices such as vertical
cavity surface emitting lasers (VCSELSs) when used to write
on materials requiring several milliwatts of power.
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Using combinations of features of the embodiments of
FIGS. 6 and 7, a many sources-to-many outputs device
could be constructed. In that case, the frequency of writing
could be increased because, if one laser is occupied during
a writing phase and a second output needs a light source
during that time period, it can be supplied by another
unoccupied laser.

Referring to FIG. 8, another embodiment is similar to that
of FIG. 4. However, instead of using multiple local beam
dumps 102a-102d, a single beam dump 402 is used. For this
embodiment, during a cycle when no data is to be written,
the switch 4054 is set to bypass and the beam is dumped.

Referring to FIG. 9, the small size of the embodiments
discussed above lends itself to scanning using small motors
such as microelectromechanical systems (MEMS) technol-
ogy motors. In an embodiment of the invention, a multiple
output scanning head, optoelectronic (OE) chip 581 accord-
ing to any of the previous embodiments discussed, has
multiple outputs, as described. Although the drawings only
indicate ray traces for three beams, it is understood that the
drawing is compatible with any number of outputs. OE chip
581 is oscillated by a motor 584, based on MEMS technol-
ogy. A scanning motion of multiple spots 60 can be obtained
with this arrangement. The multiple focused spots 60 will
scan over the surface 10 when the source array 580 is
oscillated relative to the optical axis 90 of the lens system.
In the embodiment of FIG. 9, the lens system 46 is held fixed
and the OS chip 581 is oscillated. In a nominal lens system
with 1:1 magnification, the spots move along the surface 10
the same distance as the stage 581.

Referring to FIG. 10, in an alternative embodiment,
similar to that of FIG. 9, the focusing optics 46, as well as
the light guide array 180, is oscillated. The focusing optics
46 and the light guide array 180 are supported on a large
stage 121 which is oscillated by a motor (not shown).
Referring to FIG. 11, in still another embodiment, lens
system 46 is supported on stage 125 that is oscillated relative
to both the scanned surface 10 and the source array 180.
With a magnification of 1:1, the light spot is displaced twice
the displacement of the focusing device.

Referring to FIG. 12, a controller 109B controls any of the
optoelectronic chips, represented by 109A and discussed
above, by controlling various optoelectronic switches
(discussed above). Synchronization of the timing of the
control signals, which modulate according to an input data
stream 109C to control the optoelectronic switches, could be
achieved by reading fiducial marks formed in the media in
advance and sending timing signals to the controller, by
having the controller write fiducial marks on the media using
timing information based on the rate of movement of the
media with respect to the writing device. Such techniques
are known in the prior art. Controller 109B controls which
channels receive light and whether those channels are modu-
lated on or off for writing a given media area. Note the
controller 109B may also control light source power.

Using the invention, laser light can be allocated among
several output channels with very fast switching rates for
optimum use of power for both reading and writing appli-
cations. Furthermore, using this approach of lithography,
high accuracy spacing and positioning of the output aper-
tures can also be achieved independently of any limits on
laser fabrication. Cost savings can also be achieved. Single
laser outputs requiring more power than can be achieved
with single laser can be supported by using the output-
combining feature described. In addition, laser output can be
modulated without directly varying laser output power, thus
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allowing the laser to operate in a continuous wave (CW),
long-lifetime, stable mode.

The best MEMS scanning method depends on the prac-
tical engieering tradeoffs attending the specific application.
For example, the mass of the moving element, the amplitude
of the oscillation, and the frequency. One optimization goal
might be to opt for high frequency and therefore favor
minimum mass of the moving element. This would suggest
an individual fiber is best. Engineering, however, places
other constraints on the application, for example, the actual
position of the surface emitting the light relative to the focal
point of the optics. See for example, Brei et. al, incorporated
herein by reference below.

Regarding the manufacturing of MEMS devices, for
example, the light emitting aperture, shape and surface
treatment, manufacturing issues are not a problem. For
example methods have been developed to apply metals to
glass fibers to enable capacitive coupling for driving the
fiber motion. Individual methods of fabrication and then
manufacture may be addressed depending on the availability
of resources, e.g. metallization of a polymer “fiber” or
waveguide, or application of piezoelectric material to a
polymer. Regarding the optical properties of the fiber output,
particularly with regard to numerical aperture (NA), some
trial and error experimentation may be required to achieve
an optimum configuration. If constructed layer by layer, the
fiber tip construction is totally conventional. The optical
quality and properties of the exit aperture as mentioned
above are critical, and therefore exact recipes may require
some trial and error experimentation. For example, a graded
index clad may be necessary, or new process methods due to
required design considerations. In embodiment employing
an optical fiber, the exit aperture may be defined by cleaving.
In embodiment employing a multilayer (e.g. polymer)
structure, processing at the end of the fiber is important.
Conventional methods at present include ion beam “polish-
ing” of the tip or exit aperture.

The cantilever “style” vibrating fiber structure requires a
waveguiding “core,” as with any optical fiber. Also a clad-
ding is required to confine the optical energy. The fiber, or,
more generally, light guide, can have a round, square, or
rectangular cross section depending on design consider-
ations for the purpose of light “piping.” A square or rectan-
gular cross section is easiest to deal with from a manufac-
turing and fabrication point of view, as well as from the point
of view of driving oscillations. Planar “capacitive” plates are
easily implemented in a layered, bimorph configuration that
optimizes energy transfer for driving oscillation while mini-
mizing the required power. However, this puts severe con-
straints on optical design due to the need for polarization
conservation elsewhere in the system, as well as mode
conservation and balance. A layer by layer fabrication pro-
cess 1s the best approach; in that case, the “fixed end” of the
fiber is on top of the underlying structural and functional
layers. The quality checks necessary are both optical and
mechanical. Longevity will be related to mechanical work,
with frequency, total number of oscillations, material, com-
posite structures, adhesion, etc. also being contributing
factors.

Note, regarding a fundamental mechanism of failure in
stressed single crystal materials, such as Si, defects in single
crystals diffuse thermally and aggregate in the material. This
is well known (see for example Silicon Processing for the
VLSI Era, S. Wolf and R. N. Tauber, Lattice Press and other
books addressing the processes in Si fabrication, particularly
crystal growth).

The electro-optical switch and the optical railtap
(directional coupler) are both components that have been
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developed in other integrated optics material systems (e.g.
lithium niobate). They have also been developed in polymer-
based integrated optics.

Note that various embodiments could make use of the
same lasers for both reading and writing, as discussed above.
In such a case, a head could have separate exit apertures for
reading and for writing, or have one set of apertures serving
both functions.

The respective entireties of the following United States
patent applications, filed concurrently herewith, are hereby
incorporated by reference in the present application:

Scanning Device Using Fiber Optic Bimorph (Adam
Thomas Drobot, Robert Courtney White)

Multiple Parallel Source Scanning Device (Adam Tho-
mas Drobot, Robert Courtney White, Newel Convers
Wyeth)

Multiple Channel Scanning Device Using Optoelectronic
Switching (Adam Thomas Drobot, Robert Courtney
White, Newel Convers Wyeth)

Method and Apparatus for Controlling the Focus of a
Read/Write Head for an Optical Scanner (Edward Alan
Phillips, Newel Convers Wyeth)

Multiple Channel Scanning Device Using Oversampling
and Image Processing to Increase Throughput (Adam
Thomas Drobot, Robert Courtney White, Newel Con-
vers Wyeth, Albert Myron Green, Edward Alan
Phillips)

The respective entireties of the following references are

hereby incorporated by reference in the present application:

M. Ataka, A. Omodaka, N. Takeshima, and H. Fujita,
“Fabrication and Operation of Polyimide Bimorph
Actuators for a Ciliary Motion System”, JMEMS,
Volume 2, No. 4, page 146.

D. E. Brei and J. Blechschmidt, “Design and Static
Modeling of a Semicircular Polymeric Piezoelectric
Microactuator”, JMEMS, Volume 1, No. 3, page 106.

J. W. Judy, R. S. Muller, and H. H. Zappe, “Magnetic
Microactuation of Polysilicon Flex-ure Structures”,
JMEMS, Volume 4, No. 4, page 162.

T. S. Low and W. Guo, “Modeling of a Three-Layer
Piezoelectric Bimorph Beam with Hysteresis”, JMEMS.
Piezoelectric actuators are usually stacked or bimorph in
configu-ration. In this paper the mechanics of a three-layer
piezoelectric bimorph is discussed and its dynamic model
with hysteresis is presented. The results can be used to
analyze piezoe-ectric actuators constructed with three-layer
piezoelectric bimorphs.

Q. Meng, M. Mehregany, and R. L. Mullen, “Theoretical
Modeling of Microfabricated Beams with Elastically
Restrained Supports”, IMEMS, Volume 2, No. 3, page
128 et. seq.

K. Minami, S. Kawamura, and M. Esashi, “Fabrication of
Distributed Electrostatic Micro Actuator (DEMA)”,
JMEMS, Volume 2, No. 3, page 121 et. seq.

J. G. Smits, and A. Ballato, “Dynamic Admittance Matrix
of Piezoelectric Cantilever Bi-morphs”, JMEMS, Vol-
ume 3, No. 3, page 105 et. seq.

Yuji Uenishi, Hedeno Tanaka, and Hiroo Ukita, NTT
Interdisciplinary Research Laborato-ries (Tokyo,
Japan), “AlGaAs/GaAs micromachining for monolithic
integration of optical and mechanical components”,
Optical power driven cantilever resonator. Proceedings
SPIE et. seq.

What is claimed is:

1. A device for writing data to a target surface of a piece

of media whose structure can be modified by impingement
of light, comprising:
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a base element with a light source, light guides, optical
switches, multiple output apertures, and at least one
beam dump interconnected such that light from said
light source is selectively conveyed to said multiple
output apertures and to said at least one beam dump;

said multiple output apertures being arranged relative to
said target surface such that light emitted from said
multiple output apertures impinges on said target sur-
face;

a controller connectable to receive data signals;

said controller being connected to control said switches;
and

said controller being programmed to control said switches
to selectively convey light to said multiple output
apertures and said at least one beam dump such that
said light is impinged on said target surface in such a
way as to result in a modulation of said surface that
represent said data signals.

2. Adevice as in claim 1, wherein said switches distribute
light from said light source to more than one of said multiple
output apertures according to a percentage determined by
said controller.

3. A device as in claim 1, wherein said base element
comprises an optoelectronic chip formed by lithography.

4. A device as in claim 1, further comprising:

a frame connected to said base element; and

said piece of media being attachable to said frame such
that said piece of media is movable relative to said base
element, whereby said target surface moves in a first
direction relative to said base element;

an oscillating motor connected between said frame and
said base element to oscillate said base element relative
to said target surface.

5. A device as in claim 4, wherein said target surface is
moved continuously in said first direction at a constant
speed.

6. A device as in claim 5, wherein a direction of an
oscillation of said base element has a component substan-
tially perpendicular to said first direction.

7. A device as in claim 4, wherein said controller is
programmed to convey substantially all of the light from
said light source sequentially toward each of said multiple
output apertures.

8. A device as in claim 7, wherein said controller is
programmed to interrupt, selectively, a final conveyance of
said substantially all of said light to a respective one of said
multiple apertures by switching said light from a path
connecting to said respective one of said multiple output
apertures to said at least one beam dump, responsively to
said data signals, whereby an output from said multiple
output apertures is modulated without modulating said light
source.

9. A device as in claim 1, wherein said controller is
programmed to modulate light emitted from said multiple
output apertures by selectively conveying said light from
said light source to said beam dump to prevent light from
being emitted from at least one of said multiple apertures
and conveying said light from said light source to said
multiple output apertures to emit light from said output
apertures.

10. A device as in claim 1, wherein said light source
comprises a laser and said base element comprises an
optoelectronic chip with said laser built into said chip.

11. A device as in claim 1, wherein:

said light source directs all of said light into a first of said
light guides which connects with second and third of
said light guides through a first of said switches; and



6,166,756

13

said light being directed through said second of said light
guides, which leads to a first of said multiple output
apertures, when said first of said switches is in a first
position and said light being directed through said third
of said light guides when said first of said switches is
in a second position.

12. Adevice as in claim 11, wherein, said first of said light
guides has a second of said switches capable of directing
said all of said light to said at least one beam dump.

13. A device as in claim 11, wherein:

said second of said light guides has a second of said
switches;

said third of said light guides has a third of said switches;
and

said second and said third is capable of directing said all

of said light to said at least one beam dump.

14. A device as in claim 11, further comprising a focusing
element between said output apertures and said target sur-
face to image light from said output apertures onto said
target surface.

15. A device as in claim 1, further comprising a focusing
element between said output apertures and said target sur-
face to image light from said output apertures onto said
target surface.

16. Adevice as in claim 15, wherein said focusing element
is in a fixed position relative to said base element.

17. A device as in claim 1, wherein:

said light source comprises a first laser for selectively
conveying light to a first group of said multiple output
apertures in a default mode and a second laser for
selectively conveying light to a second group of said
multiple output apertures in a default mode; and

a switching means for selectively conveying light from
said first laser to said first and said second groups of
output apertures when said second laser fails.

18. A device as in claim 1, wherein said light source

comprises a continuous wave laser.

19. A device for writing data to a target surface of a piece
of media supported by a frame and whose structure can be
modified by impingement of light, comprising:

a base element with a light source, light guides, optical
switches, multiple output apertures, and at least one
beam dump interconnected such that light from said
light source is selectively conveyed to said multiple
output apertures and to said at least one beam dump;

said multiple output apertures being arranged relative to
said target surface such that light emitted from said
multiple output apertures impinges on said target sur-
face;

a controller connectable to receive data signals;

said controller being connected to control said switches;

said controller being programmed to control said switches
to selectively convey light to said multiple output
apertures and said at least one beam dump such that
said light is impinged on said target surface in such a
way as to result in a modulation of said surface that
represent said data signals; and

a means for moving said base element relative to said
frame.

20. A device as in claim 19, wherein said switches
distribute light from said light source to more than one of
said multiple output apertures according to a percentage
determined by said controller.

21. A device as in claim 19, wherein said base element
comprises an optoelectronic chip formed by lithography.
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22. A device as in claim 19, wherein:

said piece of media is attachable to said frame such that
said piece of media is movable relative to said base
element, whereby said target surface moves in a first
direction relative to said base element; and

said means for moving said base element relative to said

frame comprises an oscillating motor.

23. Adevice as in claim 22, wherein said target surface is
moved continuously in said first direction at a constant
speed.

24. A device as in claim 23, wherein a direction of an
oscillation of said base element has a component substan-
tially perpendicular to said first direction.

25. A device as in claim 22, wherein said controller is
programmed to convey substantially all of the light from
said light source sequentially toward each of said multiple
output apertures.

26. A device as in claim 25, wherein said controller is
programmed to interrupt, selectively, a final conveyance of
said substantially all of said light to a respective one of said
multiple apertures by switching said light from a path
connecting to said respective one of said multiple output
apertures to said at least one beam dump, responsively to
said data signals, whereby an output from said multiple
output apertures is modulated without modulating said laser
source.

27. A device as in claim 19, wherein said controller is
programmed to modulate light emitted from said multiple
output apertures by selectively conveying said light from
said light source to said beam dump to prevent light from
being emitted from at least one of said multiple apertures
and conveying said light from said light source to said
multiple output apertures to emit light from said output
apertures.

28. A device as in claim 19, wherein said light source
comprises a laser and said base element comprises an
optoelectronic chip with said laser built into said chip.

29. A device as in claim 19, wherein:

said light source directs all of said light into a first of said

light guides which connects with second and third of
said light guides through a first of said switches;

said light being directed through said second of said light

guides, which leads to a first of said multiple output
apertures, when said first of said switches is in a first
position and said light being directed through said third
of said light guides when said first of said switches is
in a second position.

30. Adevice as in claim 29, wherein, said first of said light
guides has a second of said switches capable of directing
said all of said light to said at least one beam dump.

31. A device as in claim 29, wherein:

said second of said light guides has a second of said

switches;

said third of said light guides has a third of said switches;

and

said second and said third is capable of directing said all

of said light to said at least one beam dump.

32. A device as in claim 29, further comprising a focusing
element between said output apertures and said target sur-
face to image light from said output apertures onto said
target surface.

33. A device as in claim 19, further comprising a focusing
element between said output apertures and said target sur-
face to image light from said output apertures onto said
target surface.

34. Adevice as in claim 33, wherein said focusing element
is in a fixed position relative to said base element.
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35. A device as in claim 19, wherein: a switching means for selectively conveying light from

said light source comprises a first laser for selectively said first laser to said ﬁr§t and said seconq groups of
output apertures when said second laser fails.

conveying light to a first group of said multiple output 36. A device as in claim 1, wherein said light source
apertures in a default mode and a second laser for 5 comprises a continuous wave laser.

selectively conveying light to a second group of said
multiple output apertures in a default mode; and I T S
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MULTIPLE CHANNEL SCANNING DEVICE
USING OVERSAMPLING AND IMAGE
PROCESSING TO INCREASE THROUGHPUT

CROSS REFERENCE TO RELATED 5

APPLICATIONS

The respective entireties of the following United States
patents and patent applications, filed concurrently herewith,
are hereby incorporated by reference: U.S. Pat. No. 6,091,
067 (Scanning Device Using Fiber Optic Bimorph), U.S.
Pat. No. 6,137,105 (Multiple Parallel Source Scanning
Device), U.S. application Ser. No. 09/088,781 (Method and
Apparatus for Controlling the Focus of a Read/Write Head
for an Optical Scanner), U.S. Pat. No. 6,246,658 (Multiple
Channel Scanning Device Using Optoelectronic Switching),
U.S. Pat. No. 6,166,756 (Multiple Channel Data Writing
Device).

BACKGROUND OF THE INVENTION

20

Various optical scanners are known for such applications
as data storage, bar code reading, image scanning (surface
definition, surface characterization, robotic vision), and lidar
(fight detection and ranging). Referring to FIG. 1, a prior art

scanner 50 generates a moving spot of light 60 on a planar 25

target surface 10 by focusing a collimated beam of light 20
through a focusing lens 40. If the assembly is for reading
information, reflected light from the constant intensity spot
60 is gathered by focusing lens 40 and returned toward a

detector 32. To write information, the light-source is modu- 30

lated. To cause the light spot 60 to move relative to the
surface 10, either the surface 10 is moved or the scanner 50
is moved. Alternatively, the optical path could have an
acousto-optical beam deflector, a rotating prism-shaped

mirror, or a lens driven galvanometrically or by piezoelectric 35

positioners. Scanners also fall into two functional groups,
raster and vector. Both types generally use the same types of
beam deflection techniques.

Higher-speed raster scanners use either spinning prism-
shaped (polygonal cross-sectioned) mirrors or multifaceted
spinning holograms (hologons). Performance parameters for
these conventional beam deflection techniques are listed in
Table 1. The discrete optics in these devices are generally
attended by high costs for mass manufacture, assembly, and
alignment.

TABLE 1

10

40

2

scanning application. For raster scanning to cover extended
surface areas, the emphasis is on speed, area resolution, and
scan efficiency. Wide bandwidth is needed if the surface is
to be color-scanned. For applications requiring vector scan-
ning of precise paths at high resolution, the optical system
typically uses a monochromatic, focused spot of light that is
scanned at high speed with low wavefront distortion and low
cross-axis error. Optical data storage has been a prime
application of this type of optical scanning.

In optical data storage media, information is stored as an
array of approximately wavelength-size dots (cells) in which
some optical property has been set at one of two or more
values to represent digital information. Commercial read/
write heads scan the media with a diffraction-limited spot,
typically produced by focusing a collimated laser beam with
a fast objective lens system as shown in FIG. 1. A fast
objective lens, one with a high numerical aperture, achieves
a small spot size by reducing Fraunhofer-type diffraction.
The spot is scanned by moving an assembly of optical
components (turning mirror, objective lens, position
actuators) over the optical medium, either along a radius of
a disc spinning under the spot or across the width of a tape
moving past the head. The assembly moves in one dimen-
sion along the direction of the collimated laser beam. As the
disk spins or the tape feeds, the line of bit-cells must be
followed by the spot with sufficient precision to avoid
missing any bit cells. The fine tracking is achieved by servo
mechanisms moving the objective lens relative to the head
assembly. An auto-focus servo system is also necessary to
maintain the diffraction limited spot size because the
medium motion inevitably causes some change in the lens/
medium separation with time. Proper focus adjustment is
possible because the medium is flat and smooth. Such a
surface reflects incident light in well-defined directions like
a mirror. Light reflected from the medium is collected by
focusing optics and sent back along the collimated beam
path for detection.

Scanning by several spots simultaneously is used to
achieve high data rates through parallelism in one known
system called the CREO® optical tape system.

The reading of optically stored data is a prime application
example of this type of optical scanning. Commercial read/
write heads for optical data storage systems scan with a
diffraction-limited light spot, typically produced by focusing
a collimated laser beam with a fast objective lens system as
shown in FIG. 1. The spot is scanned by moving an

Performance of Conventional Beam Deflectors for Optical Scanning

Polygonal Galvano-Driven Hologons Acousto-Optic
Parameter Mirrors Mirrors (Transmission) Deflectors
‘Wavefront M8 at 0.55 ym M8 at 0.55 um M6 at 0.55 um M2 at 0.55 um
Distortion

Area resolution
(spot-widths/sec)

25,000 (scan
lens limited)

25,000 (scan
lens limited)

25,000 (scan
lens limited)

Cross-axis error 10 arc sec 1-2 arc sec 10 arc sec
(uncorrected) (uncorrected)

Speed (spot 1x 108 2 x 10° 2 x 107

widths/sec)

Bandwidth 0.3-20 pum 0.3-20 pum Monochromatic

Scan efficiency 80-100% 65-90% 90%

1,000 (scan
lens limited)

2.8 x 107

monochromatic
60-80%

(from The Photonics Design and Applications Handbook

1993, Laurin Publishing Co., Inc., p. H449) 65

The performance parameters listed in Table 1 assume
different levels of importance depending on the optical

assembly of optical components (turning mirror, objective
lens, position actuators) over the optical storage medium,
either along a radius of a disc spinning under the spot or
across the width of a tape moving through the head. The
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assembly moves in one dimension along the direction of the
collimated laser beam. Light reflected from the storage
medium is collected by the focusing optics and sent back
along the collimated beam path. It is diverted out of the
source path by a beam splitter 31 for routing to a detector 32.
However, because of the collimated beam optical design of
this system, light entering the return path from areas outside
the scanning spot can propagate some distance back toward
the detector before the angular displacement is transformed
into sufficient spatial displacement to be caught by an
aperture stop. This extraneous light is more of a problem in
a multiple spot system in which several areas of the scanned
surface are illuminated at once, and crosstalk between
adjacent and nearby spots is likely. The use of discrete
optical components in such devices to eliminate this effect,
poses great difficulty and cost for mass-manufacture because
of the requirement of precise optical alignment of compo-
nents.

One scanning device that avoids reliance on discrete
optical elements to achieve scanning is described in U.S.
Pat. No. 4,234, 788. In this scanner, an optical fiber is
supported rigidly at one end in a cantilevered fashion. The
supported end of the fiber is optically coupled to a light
emitting diode or photo diode for transmitting or receiving
light signals, respectively. The fiber is free to bend when a
force is exerted on it. The fiber can thus be made to scan
when light from the light-emitting diode emanates from the
tip of the fiber as the fiber is forced back and forth repeat-
edly. To make the fiber wiggle back and forth, an alternating
electric field, generally perpendicular to the axis of the fiber,
is generated. The fiber is coated with a metallic film. A
charge is stored on the film, especially near the tip, by
forming a capacitance with a metallized plate oriented
perpendicularly to the fiber axis (optically at least partly
transparent). The stored charge makes the fiber responsive to
the electric field.

A drawback of this device is the limit on the speeds with
which the fiber can be made to oscillate. The device requires
a series of elements to move the fiber: an external field-
generating structure, a DC voltage source to place charge on
the fiber coating, and an AC source to generate the external
field. Another drawback of this prior art mechanism is the
inherent problem of stress fractures in the fiber optics.
Bending the fiber repeatedly places serious demands on the
materials. Problems can wise due to changes in optical
properties, changes in the mechanical properties causing
unpredictable variation in the alignment of the plane fol-
lowed by the bending fiber, the amplitude of vibration, the
natural frequency of vibrations, and structural failure. Still
another limitation is imposed by the need to place a con-
ductor between the fiber tip and the optical medium to form
the capacitance. This places another optical element
between the fiber tip and the scanned surface and makes it
impossible to sweep the tip very dose to the scanned surface
as may be desired for certain optical configurations.

Another prior art scanning device is described in U.S. Pat.
No. 5,422, 469. This patent specification describes a number
of different devices to oscillate the end of an optical light
guide or optical fiber. One embodiment employs a piezo-
electric bimorph connected to the free end of a device to
which the free end of an optical fiber and a focusing lens are
attached. Reflected light is directed back through the fiber to
a beam splitter which directs the reflected light out of the
bidirectional (outgoing/return) path at some point along the
fiber remote from the source of light. The above embodi-
ment uses a simpler prime mover, a piezo-electric bimorph
However, the need for a focusing lens attached to the end of
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the fiber, by increasing the mass, imposes difficult practical
requirements for high speed oscillation of the fiber. In
addition, to achieve very small projected spot size requires
a high numerical aperture at the output end of the focusing
optics. It is difficult to achieve this with the conventional
optics contemplated by the 469 disclosure. Furthermore, the
reciprocation of the fiber as described in the *469 patent
requires a multiple-element device. Friction between the
motor and the fiber can cause changes in the optical prop-
erties of the fiber, and mechanical changes in the motor, the
fiber, or the interface, that result in changes (which may be
unpredictable) in the amplitude of oscillation or the resonant
frequency of the motor-fiber combination (which might
generate, or be susceptible to, undesired harmonics). Also,
the process of assembly of such a combination of a motor
and a fiber presents problems. Ideally, for high frequency
operation, the device would be very small.

Common to all storage/retrieval devices is the need for
greater and greater data rates. Increases in speed have been
achieved by increasing the speed of scanning. However,
there are practical limits, particularly with regard to the
writing operation, relating to physical properties inherent in
the optical media.

Also common to the applications of optical scanning
technology is the need for great precision in the focus of the
scanning light source and the return signal.

SUMMARY OF THE INVENTION

A multiple channel scanning device has a scanning head
with multiple columns of apertures that emit light which is
imaged by a lens onto the surface of a recorded medium.
Light returned from the medium is imaged back onto the
apertures and conducted to detectors. In a preferred
embodiment, the scanning head is rapidly oscillated (may be
on the order of 100 kHz rate), in a direction parallel to the
columns. The medium is moved in a direction perpendicular
to the columns so that the same recorded regions pass
beneath successive columns of apertures. The data from the
detectors is image-processed to improve the quality of
data-reading using the successive readings from the same
data regions. This allows errors to be corrected and through-
put to be improved. In an alternative embodiment, scan spots
are swept over nearly the same, or the same, regions to
achieve oversampling.

According to an embodiment, the invention provides a
scanning device for scanning a target surface with data
written on it. The data is arranged in adjacent data cells on
the target surface. Each of the cells has one of a set of
possible configurations representing data. For example, a
cell could be highly reflective to represent a “1” and less
reflective to represent a “0.” The scanning device has a
read/write head, with at least one laser source, that transmits
light to an array of output apertures from which light is
emitted. The light returned from the surface is received
through an array of input apertures. The read/write head and
the target surface are mutually supported to move relative to
each other to scan the target surface. The array of output
apertures is arranged such that some scan substantially the
same cells of the target surface. The read/write head includes
detectors that detect the returned light and send resulting
signals to an image processor. The image processor gener-
ates an estimate of a configuration of each cell from the
redundant or quasi-redundant data and generates a signal
stream representing the estimate. In a variation, the output
apertures are coaxial with the input apertures. In another
variation, the read/write head has an optoelectronic chip
with internal light guides formed in it, each of the light
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guides being connected to one of the output apertures. In still
another variation, the optoelectronic chip has at least one
optical switch to modulate an output of either a reading laser
source or a writing laser source to allow the scanning device
to write data as well as read it. The light sources of the
invention, for writing purposes, are, preferably, modulated
by optical switches that selectively direct the output between
a write output aperture and another direction leading ulti-
mately to dissipation of energy of the writing laser source.
This way, the writing laser source can operate continuously
during writing. Multiple reading laser sources may be con-
nected to an array of light guides interconnected to split light
from the multiple reading laser sources into multiple paths,
each connected to a one of the output apertures. The array of
light guides may be interconnected with respective optical
switches controlled by a controller programmed to cause the
laser output to be shared among multiple output apertures by
alternately shunting the laser output to a first fraction of the
output apertures and shunting the laser output to second
fraction of the output apertures. The fractions could consti-
tute just a single aperture.

According to another embodiment, the invention provides
a scanning device for scanning a target surface with data
written on it. The data is arranged in columns of adjacent
data cells on the target surface. Each of the columns of data
cells has one of a set of possible configurations representing
data as discussed above. The device has a read/write head
with an array of input apertures arranged in successive
columns such that each of the columns receives light from
the same one of the columns of data cells. There is at least
one detector connected to detect light received by the array
of input apertures. The detector generates a signal indicating
an estimate of one of the possible configurations by com-
bining information derived from light received by all of the
successive columns. In a variation, the detector combines
the information by detecting light from each of the columns
and synthesizing an improved estimate of the one of the
possible configurations from the combination of signals
generated.

According to still another embodiment, the invention
provides a scanning device for scanning a target surface that
has data written thereon, the data is arranged in columns of
adjacent data cells on the target surface. Each of the columns
of data cells has one of a set of possible configurations
representing data. The device has a scanning head with an
array of input apertures arranged in successive columns so
each of the columns receives light returned from the col-
umns of data cells passing under it. Also at least one detector
is connected to detect light received by the array of input
apertures. The detector generates a signal indicating an
estimate of one of the possible configurations by combining
information derived from light received by all of the suc-
cessive columns. In a variation, the scanning head has at
least one laser connected to conduct light so that it is emitted
from the array of input apertures. In this way, the array of
input apertures functions as an array of output apertures
from which light is emitted. In another variation, an imaging
optical element positioned between the scanning head and
the target surface images light emitted from the output
apertures onto the target surface. The light from the same
one of the columns of data cells is light emitted from the
array of output apertures, returned from the target surface,
and imaged by the imaging optical element back onto the
input apertures. In another variation, there is an array of
output apertures, each being respective of one of the array of
input apertures. Also, the scanning head includes a light
guide leading from each of the input apertures to the
respective detector.
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According to still another embodiment, the invention
provides a method of reading data from a recorded surface
that has successive columns of data cells. The successive
columns have at least one row of the data cells. The method
has the following steps: Moving the recorded surface such
that light from a first output aperture is focused onto a first
of the successive columns. Receiving light returned from the
recorded surface responsively to the first step of moving.
Detecting light returned from the recorded surface and
storing a first result thereof Moving the recorded surface
such that light from a second output aperture is focused onto
the first of the successive columns. Receiving light returned
from the recorded surface responsively to the second step of
moving. Detecting light returned to the first input aperture
and storing a second result thereof Calculating data repre-
sented by the first of the respective columns responsively to
a computed combination of the first and second results. In a
variation of the method, in the first step of receiving, light is
received at a first input aperture corresponding to the first
output aperture. In addition, in the second step of receiving,
light is received at a second input aperture corresponding to
the second output aperture.

According to still another embodiment, the invention
provides a method of reading data from a recorded surface
with successive columns of data cells. The successive col-
umns comprise at least one row of the data cells. The method
has the following steps: Moving the recorded surface such
that light from a first output aperture is focused onto a first
of the successive columns. Receiving light returned from the
recorded surface responsively to the first step of moving.
Detecting light returned from the recorded surface and
storing a first result thereof Moving the recorded surface
such that light from a second output aperture is focused onto
the first of the successive columns. Receiving light returned
from the recorded surface responsively to the second step of
moving. Detecting light returned to the first input aperture
and storing a second result thereof Calculating data repre-
sented by the first of the respective columns responsively to
a computed combination of the first and second results. In a
variation of the method, in the first step of receiving, light is
received at a first input aperture corresponding to the first
output aperture. In addition, in the second step of receiving,
light is received at a second input aperture corresponding to
the second output aperture.

According to another embodiment, the invention provides
a scanning device for scanning a medium with data written
on it. The data is arranged in columns of adjacent data cells
on the target surface. Each of the columns of data cells has
one of a set of possible configurations representing data The
scanning device has a scanning head with an array of input
apertures arranged in successive columns such that each of
the columns receives light from the same one of the columns
of data cells. In addition, at least one detector is connected
to detect light received by the array of input apertures. The
detector generates a signal indicating an estimate of a one of
the possible configurations by combining information
derived from light received by all of the successive columns.
There is a frame connected to the scanning head. The
medium is attachable to the frame such that the medium is
movable relative to the read/write head. As a result, the
media moves in a first direction relative to the read/write
head. An oscillating motor connected between the frame and
the read/write head oscillates the scanning head relative to
the medium. As a result a spacing of the input apertures may
exceed a spacing of the adjacent cells while still permitting
light returned from substantially all of the adjacent cells to
be detected by the detector. In a variation, the medium is
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moved continuously in the first direction at a constant speed.
In another variation, the direction of an oscillation of the
read/write head has a component substantially perpendicular
to the first direction. In still another variation, the scanning
head includes at least one laser connected to conduct light so
that it is emitted from array of input apertures. As a result,
the array of input apertures functions as an array of output
apertures from which light is emitted. In still another varia-
tion there is an imaging optical element (e.g., a lens system)
positioned between the scanning head and the target surface
to image light emitted from the output apertures onto the
target. The light from the same one of the columns of data
cells is emitted and returned from the array of output
apertures. This light is imaged by the same imaging optical
element back onto the input apertures. In another variation,
there is an array of detectors, each being respective of one
of the input apertures. The scanning head includes a light
guide leading from each of the input apertures to the
respective detector.

The invention provides an essential component in an
optoelectronic chip designed to direct the flow of light and
modulate the light output in a multi-channel optical scanning
head. The invention leads to a reliable, robust,
manufacturable, low-cost component for optical scanning
devices used for optical data storage, bar code readers,
image scanning for digitization or Xerography, laser beam
printers, inspection systems, densitometers, and
3-dimensional scanning (surface definition, surface
characterization, robotic vision). Speed and accuracy are
enhanced through the use of image processing techniques
applied to redundant and partly redundant data.

BRIEF DESCRIPTION OF THE DRAWING

In the drawing,

FIG. 1 is a ray trace diagram showing a scanning device
according to the prior art.

FIG. 2 is an illustration of an optoelectronic chip with
integral waveguides, beam switches, a laser source, and
beam dumps to allow the generation of a modulated signal
using one laser source through multiple channels simulta-
neously.

FIGS. 3, 4, and 5 illustrate the light flow taken by an
optoelectronic switch in three respective modes.

FIG. 6 shows an embodiment similar to that of FIG. 2
except that a backup laser is included with a crossover to the
backup laser to supply the multiple channel light guide
network.

FIG. 7 is an illustration of a group of lasers formed in an
optoelectronic chip interconnected by combiners to combine
the energy of the lasers into one source.

FIG. 8 is a ray trace diagram showing a multiple channel
scanning head according an embodiment of the invention,
where the imaging optics are fixed and the scanning head is
oscillated by a MEMS motor to scan a region of a target
surface.

FIG. 9 is a ray trace diagram showing a multiple channel
scanning head according an embodiment of the invention,
where the imaging optics and scanning head are fixedly
interconnected and oscillated as a unit by a MEMS motor to
scan a region of a target surface.

FIG. 10 is a ray trace diagram showing a multiple channel
scanning head according an embodiment of the invention,
where the imaging optics are oscillated as a unit by a MEMS
motor to scan a region of a target surface.

FIG. 11 illustrates a scanning head with fiber-optic light
guides and multiple detectors for purposes of describing the
scanning of a region simultaneously by multiple channels.
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FIG. 12 illustrates a scanning head similar to the embodi-
ment of FIG. 11 except that the light source employed
combines the power of multiple individual light sources to
produce light of sufficient intensity to write on the media.
Alternatively, the additional light sources may serve as
backup sources in case of failure of one source.

FIG. 13 illustrates an embodiment of a multiple channel
scanning head where multiple columns of input apertures
scan an identical region and image processing techniques are
applied to the redundant data to enhance accuracy and
increase throughput.

FIG. 14 is a simplified isometric rendering illustrating the
embodiment of FIG. 13 with only one column of ray traces
showing.

FIG. 15 illustrates the use of an image processing com-
puter to process the data from multiple channels of redun-
dant data for the embodiments of FIGS. 13 and 14.

FIGS. 16-19 illustrate different ways of oversampling the
scanned surface with variations of an embodiment of the
invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Referring to FIG. 2, an optical scanning optoelectronic
chip (OE) 616 has single laser source 606 that supplies light
to multiple output apertures 601. Light emitted by laser 606
is guided by light guides 617 to various rail taps 605a—605c.
Light from laser 606 is output, ultimately, through four
output apertures 601 and applied to a scanned surface 10 at
regions A, B, C, and D respectively. An optical switch 609
allows light from the laser to be directed to a beam dump 602
for dissipation and absorption of light energy. Switching the
optical switch to a bypass position, in effect, modulates the
output of light from the output apertures 601. Note that
although in the embodiment shown, light is directed at the
scanned region without any focusing optics, focusing optics
may be used between the chip 616 and the target 10. Also
note that although the chip 616 has an on-board laser, the
laser could be a separate device and light applied to the light
guide network through an input aperture.

The purpose of the optoelectronic chip in this system is to
control the distribution of light from the laser sources to the
optics that produce the scan and to direct the light signals
returning from the scanned surface into the set of photo
detectors. The integrated design allows the reduction of size,
moving mass, component count, and manufacturing cost,
compared to scanning systems with multiple discrete optics
components. The optoelectronic chip design allows very
accurate positioning of the light apertures by lithography
without requiring monolithic, multiple output laser arrays.
Parallel, integrated read/write channels with multiplexing
have low cost per channel in a compact, robust configura-
tion. Electro-optic switching is required to achieve the
required data rates. The most cost effective technology
available today is a polymer waveguide optoelectronic chip
made using Photonic Large Scale Integration (PLSI).

The basic element of the PLSI chip is a one channel to two
channel splitter, which can direct light from one input into
one of two outputs, or split the intensity between the two
outputs. This has been achieved easily by implementing
waveguide structures containing non-linear optical poly-
meric material that has an index of refraction controlled by
planar metal electrodes. This basic design allows for the
fabrication of electro-optic switches and optical rail taps
(directional couplers). Many such devices have been fabri-
cated using simple, multi layer metal and polymer films
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photo lithographically defined with batch methods com-
monly employed for silicon chip fabrication.

The nominal multiplexed design of FIG. 2 uses four levels
of switching between a single laser and four output channels
directed respectively at target spots A-D. Assuming 80%
transmission through each switch level, this results in as
much as a 4 dB loss due to four switches through the output
routing. Non-linear optical polymer waveguides can be
fabricated that have no more than 0.1-0.2 dB losses at the
operating wavelength. Using this estimate, the total losses in
a single output channel with four levels of switching should
be no more than 5 dB. In a design using a column of 64 spots
for scanning a 4-mm width of surface in parallel (each spot
scansx32 um), 16 lasers are required. Each laser feeds a set
of 4 output channels for write scanning at power levels high
enough to affect the surface, but is switched among the
channels at a 50% duty cycle. Read scanning generally
requires much lower power levels. In this mode each laser
can feed 16 channels, each at a 100% duty cycle. This extra
capacity (compared to the write mode) is applied to achieve
redundancy in reading by driving four parallel columns of
64 spots each; the columns scan the same surface area in
sequence.

The light guides 617 (or optical wave guides) are formed
directly in the chip 616 using fabrication techniques similar
to those employed in the manufacture of integrated circuits.
Optoelectronic chips are formed in a layer-by-layer process
beginning with a suitable substrate such as silicon or glass
wafer. A thin metal film is applied to the substrate and
patterned to define electrodes and conductors. Next, a layer
of material is added to form the optical waveguides and the
material is patterned using photolithography. Switches may
be formed by doping the material to create non-linear optical
effects in the switching regions. In a purely additive process,
additional material layers can be applied sequentially, on
each of which additional optical paths, electrodes, and
conductors can be formed.

In the embodiment of FIG. 2, the chip 616 is configured
to distribute the power input from one laser to four different
output channels that will be used for scanning. The optical
railtaps 605a through 605c are capable of selectively dis-
tributing the light power flow (minus internal losses of a few
dB) among the various paths defined by light guides 617.
Each optical rail tap 605a—605c, has at least three operating
modes. Referring to FIG. 3, in the first, rail tap 605 permits
all the light energy entering it at 651 to pass straight through
to 653 (of course, there are losses). Referring to FIG. 4, in
the second mode, all of the energy entering at 651 is
bypassed to the branch at 652. Referring to FIG. 5, in the
third mode, half the energy is bypassed to branch 652 and
half permitted to pass straight through to branch 653. When
all three of the rail taps 6054—605c are set to 50% bypass,
the third mode, light passes through the output channels such
that the energy arriving at the four output apertures is
substantially equal. Referring now also to FIG. 2, if the three
rail taps are operated sequentially as indicated in the fol-
lowing table, all of the laser output can be directed to the
respective output apertures in succession.

Target Rail tap positions

Region 605a 605b 605¢c 605d
A mode 2 mode 2 no effect Mode 1
B mode 2 mode 1 no effect Mode 1
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-continued
Target Rail tap positions
Region 605a 605b 605¢ 605d
C mode 1 no effect mode 1 Mode 1
D mode 1 no effect mode 2 Mode 1

As the terms are used in the following discussion, “write”
refers to making a durable change in a medium. The term
“read” refers to the process of collecting information from a
medium without permanently altering the medium. Assume
that the maxim laser output is just enough (after system
losses) to supply one channel with power for a writing
scanning beam. A read/write head with the chip in FIG. 2
would use the switching functions of the optical railtaps to
direct all of the laser power to each of the four output
channels in succession for writing with precise synchroni-
zation to address each channel at the time when its output
was positioned to write. Modulation of the writing power
channel is done using the first rail tap 605d. The chip will
use that switch to divert the laser output to the beam dump
when the output channel is writing a space and supply the fill
power when writing a mark. In this way, the laser can remain
on at constant power with less stress and longer lifetime.

In many cases (e.g., reading and writing on phase-change
optical storage media), much less light energy is used to read
a pattern already written than to write the pattern. In that
case, the chip 616 can divide the laser input power equally
among the four output channels during the reading function,
and four reading channels can be scanned simultaneously.
For reading, each channel output is on all the time, and the
scanned pattern on the surface modulates the return signal.

Referring to FIG. 6, a chip 617 with an optical railtap
605¢ to allow crossover between the laser input channel, in
case of a laser failure, allows a neighboring or backup laser
608 to be switched in to feed the outputs originally assigned
to the source that failed 606. This crossover feature could
also be used as shown in FIG. 7 to gang the output of several
lasers to meet a scanning intensity requirement that
exceeded the output of a single laser. The outputs of multiple
lasers 306 can be combined for an application that requires
an output intensity greater than a single laser can produce
alone. Referring to FIG. 7, in an optoelectronic chip 316,
multiple optical rail taps 320 are used to combine the outputs
of more than one laser 306 that could be, for example,
phase-locked. In this embodiment, four lasers combine to
generate one combined output 325. This embodiment is
particularly useful for use with laser devices such as vertical
cavity sure emitting lasers (VCSELSs) when used to write on
materials requiring several milliwatts of power.

Using the invention, laser light can be allocated among
several output channels with very fast switching rates for
optimum use of power for both reading and writing appli-
cations. Cost savings can also be achieved. Single laser
outputs requiring more power than can be achieved with a
single laser can be supported by using the output-combining
feature described. In addition, laser output can be modulated
without directly varying laser output power, thus allowing
the laser to operate in a continuous wave (CW), long-
lifetime, stable mode.

Referring to FIG. 8, the small size of the embodiments
discussed above lends itself to scanning using MEMS tech-
nology motors. In an embodiment of the invention, a mul-
tiple output scanning head, OE chip 581 according to any of
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the previous embodiments discussed, has multiple outputs,
as described. Although the drawings only indicate schematic
ray traces for three beams, it is understood that the drawing
is compatible with any number of outputs. OE chip 581 is
oscillated by a motor 584 based on microelectromechanical
systems GEMS) technology. A scanning motion of multiple
spots 60 can be obtained with this arrangement. The multiple
focused spots 60 will scan over the surface 10 when the
source array 580 is oscillated relative to the optical axis 90
of the lens system. In the embodiment of FIG. 8, the lens
system 46 is held fixed and the optoelectronic chip 581 is
oscillated. In a nominal lens system with 1:1 magnification,
the spots move along the surface 10 the same distance as OE
chip 581.

Referring to FIG. 9, in an alternative embodiment, similar
to that of FIG. 8, the focusing optics 46, as well as the light
guide array 580, is oscillated. The focusing optics 46 and the
source array 580 are supported on a single stage 521 which
is oscillated by a motor (not shown). Referring to FIG. 10,
in still another embodiment, lens system 546 is supported on
stage 525 that is oscillated relative to both the scanned
surface 10 and the source array 580. Preferably, the lens
system is oscillated to cause a rotary motion since a purely
lateral oscillation would not produce the same degree of
oscillation in the focused spots 60.

Using the invention, laser light can be allocated among
several output channels with very fast switching rates for
optimum use of power for both reading and writing appli-
cations. Cost savings can also be achieved. Single laser
outputs requiring more power than can be achieved with
single laser can be supported by using the output-combining
feature described. In addition, laser output can be modulated
without directly varying laser output power, thus allowing
the laser to operate in a continuous wave (CW), long-
lifetime, stable mode.

Referring to FIG. 11, a laser array 806 supplies scanning
light to an array of light guides 817 formed in an optoelec-
tronic chip package 816. Optical fibers 394-39d protrude
from the optoelectronic chip package 816 emitting light
transmitted from light guides 817 at a high numerical
aperture ratio from tips 83. The emitted light is imaged to a
spot 60 on a target surface 10 by a lens (which could be lens
system). Electro-optical switches 9a—9c¢ are controlled to
switch the laser source 806 sequentially among the four
optical fibers 39a-39d to produce a series of scanning spots
60 in succession on target surface 10. Note that imaging
using any of the above embodiments can be done using a
focusing lens system as shown in the embodiment of FIG. 11
or by positioning the output channels very close to the target
surface as shown in FIG. 2. Note also that while in the above
embodiments, the output channels are oscillated by moving
the entire optical circuit, it is possible to achieve the required
oscillatory motion by vibrating the fibers by bending them
using bimorph elements as described in the copending
applications incorporated herein by reference. That is, the
fibers can be moved by bimorph elements each driven by the
same excitation voltage source. Or the fibers could be
mounted to a stage, as discussed, and the stage oscillated. In
the case of a moving stage, the fiber tip array should protrude
only one or two fiber diameters from the chip and the entire
chip moved with a fast “shaker” (e.g. MEMS electrostatic
actuator, piezoelectric drive, etc.). In a nominal lens system
design with 1:1 magnification, the spot moves along the
scanned surface the same distance that the fiber tip moves
perpendicular to the optical axis. If appropriate, magnifica-
tion ratios other than 1:1 can be used to have the scanning
spot move further than or less than the fiber tip moves. If the
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fiber tip moves in such a way that its tip does not move in
a plane, the focusing lens system can, in some cases, be
designed to compensate for this non-planar motion and
maintain planar motion of the scanning spot if so desired. In
addition, various ways of accomplishing this are discussed
above.

Fabrication of edge-emitting laser diode arrays is a
mature, advancing technology that provides compact,
robust, and inexpensive multiple laser light sources with
relatively small power requirements. For example, for an
optical data storage scanner used with phase change media,
a single package laser array with 8-16 lasers will fit this
application by meeting the following laser requirements: (a)
operation at good optical-out/electrical-in efficiency to pro-
vide CW power onto the optical media for writing (7-15
mW for 150 ns) and reading (10 gW—-5 mW) after subtract-
ing fiber optic transport and coupling losses and (b) opera-
tion at wavelengths appropriate for digital optical data
storage (<1 um).

Edge-emitting, single mode laser diode arrays with the
required power at 830 nm wavelength are available off-the-
shelf. Achieving smaller diffraction limited spot sizes for
high density optical storage requires laser arrays with the
shorter wavelengths now available in low-power discrete
diode lasers (e.g. 670 nm at 15 mW). Vertical cavity surface
emitting lasers (VCSELSs) represent another configuration of
solid state laser that have output beam characteristics more
suited to optical scanners and are more amenable to incor-
poration in a single chip multiple device design.

Referring to FIG. 12, VCSELs are presently limed to
lower output power than edge-emitting lasers. For use in this
invention, the outputs of several VCSELs 846 may be
ganged, for example with phase locking, to provide power
for writing when higher channel power levels are required.
The laser array may be integrated with the optoelectronic
chip to achieve low-loss coupling of the laser output into the
chip waveguides 817. Interfacing the chip “switchyard” with
the laser source, be it single laser or a ganged device as
shown in FIG. 12, can be accomplished by attaching optical
fibers between each laser and the switchyard input
(“pigtailing”), using a hybrid arrangement with the laser
array butt-coupled to the optoelectronic chip, or totally
integrating the lasers in the optoelectronic chip.

The chip could also be designed with optical railtaps to
allow crossover between the laser input channels, so that, in
case of a laser failure, a neighhoring or backup laser could
be switched in to feed the outputs originally assigned to the
source that failed. That is, for example, in the embodiment
of FIG. 12, if one of the lasers 846 fails, another one can be
switched 1n to provide a backup source. As described above,
the same crossover feature is used to gang the output of
several lasers to meet a scanning intensity requirement that
exceeds the output of a single laser.

The return light from the surface is imaged back onto the
tip of the emitting fiber and passes back into the chip where
it is shunted by a respective directional coupling 8a—8d to a
corresponding photo detector 7a—7d. Silicon-based devices
provide response over the wavelength range from the near
IR to visible blue light, and PIN-type (p+|intrinsic|n+) sili-
con photo diodes are simple, fast, long-lived, inexpensive
devices routinely used in optical fiber data links and other
applications at rates of 1 GHz and higher. These devices are
integrated monolithically within a silicon substrate in the
chip.

The novel scanning and light allocation design of the
embodiments discussed above, and which are discussed
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further below, require switching speeds on the order of 20
nanoseconds when employed in optical data storage.
Although electro-optic switching is required, this is not a
stressing demand on the technology since sub-nanosecond
switching times have been demonstrated. Similar technol-
ogy has been employed for multi-output data transmission.

As discussed in the related applications incorporated
herein by reference and elsewhere in this application, the
laser light emitted from the tip of the properly designed fiber
or waveguide diverges with a high numerical aperture (A)
ratio. A simple, fast lens system with matching NA is used
to focus the light emitted from the fiber tip or waveguide to
a spot on the surface to be scanned. For high resolution
scanning applications, the fibers are single mode. For optical
data storage and other minimum scan spot size applications,
the lens system is designed to produce the smallest practical
diffraction limited spot on the scanned surface. The light
reflected from the surface is collected and re-imaged by the
same lens system back into the same fiber or waveguide tip.
The fiber or waveguide carries the return light back into the
optoelectronic chip for detection. The one-to-one mapping
properties of the imaging system constrain the optics to
focus back into each fiber tip all light that originates from the
spot on the surface illuminated by that fiber tip and reject
any light coming back from the target surface from another
location. This acts as an aperture stop and has the effect of
limiting cross-talk among parallel data channels fed by
multiple scanning light spots. In this design, the lens system
could be made from a single holographic element.

In the above embodiments, because each spot performs
multiple, overlapping scans to sweep the area that it is
reading, there is no need for micro-tracking systems to
maintain micron-scale positioning of the spots on the sur-
face. Precision autofocus control of the head as a unit will
be necessary, as in conventional optical heads. The focus
quality signal will be based on maximizing the signal level
returned from a given surface area. When the light collected
back into the fiber tip is maximized, the system is in focus.

Referring to FIG. 13, to illustrate design issues for this
invention, parameters are presented for an application
example of the integrated head: read/write scanning of a
digital optical data tape moving under it. The read/write
head of this embodiment includes an 8 by 4 array of output
apertures, either the ends of light waveguides or the tips of
optical fibers according to any of the above embodiments.
Each output aperture is spaced apart by 64 microns The data
cells written and read are spaced on 1 micron centers so that
an array of 32 bits cells 901, is covered by a £32 micron
sweep of each output aperture as the read/write head is
oscillated.

Phase-change optical media has shown the capacity to
store readable bits in cells spaced center-to-center at the
smallest practical diffraction limited spot diameter, which is
of the order the laser wavelength. However, under optimal
conditions, several techniques have been developed to
achieve higher bit densities. The above design assumes 1x1
um? data cell dimensions. Since each output aperture oscil-
lates 32 um the corresponding spot on a tape medium
sweeps over a 64 um long strip perpendicular to the tape
edge. As the nominal design has a 4x8 array of output
apertures in a rectangle centered on the optical axis of a
1-mm aperture lens system, at any instant of time, the system
projects a 4x8 array of light spots 913 on the target surface.
The 8 output apertures in each column of the array are
spaced on 64 um centers so that they cover a band 512 um
across the tape. Referring to FIG. 14, a single module 848
consisting of read/write head 846 (a 4x8 array of output
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apertures) with a single imaging lens 843 may be duplicated
eight-fold to produce a read/write head 856 spanning a full
4-mm width. The modules in the embodiment shown are
arranged vertically and attached to a frame 850 for support.
Such a read/write head 856 produces a 4 by 64 array of light
spots. Although in the figure only eight central ray traces are
shown at 846 projected by each module 848, it is to be
understood that the embodiment includes four columns of
eight ray bundles. The direction of motion of the medium
relative to the read/write head 856 is indicated by the arrow
877. An arrow 878 indicates the direction of oscillation of
the read/write head 856, but not the magnitude which is
about the size of the spacing between adjacent output
apertures as indicated by the spacing of the origins of the ray
central traces shown at 846.

The four columns of output apertures along the translation
direction of the medium relative to the read/write head allow
the same area of the medium to be scanned independently
four separate times for redundancy as the medium moves
under the read/write head. In the write mode, the four scans
may be used to: 1) read the tape surface for previously
written data or fiducial marks to determine position; 2)
write; 3) read to confirm what was written; 4) read again.
Note that, preferably, the lens systems are offset from each
other to cover the entire medium-displacement-path width,
and thus a continuous band across the medium will not be
read simultaneously.

To read or write 67 Mbits (8 MBytes) in 1 second for the
above design on 4-mm tape, each fiber in a column must
scan 1 Mb/s. With 64 bits per 64 um scan length, the fiber
must complete at least 16,384 data scans per second.
Because oscillation frequencies well above 100 kHz are
easily achieved for MEMS systems, a fiber scan rate several
times higher than this minimum can be used in the read
mode. The net effect is that the set of 8 light spots from each
column of fibers sweeps a 512 um wide band of the tape
moving under it with enough oversampling that reflectivity
data from each data bit is received multiple times. In the
write mode, each fiber will oscillate at 16 kHz and write to
64 data cells in a column on the tape during one half of a
cycle only. Half the fibers (32) may write during the
downstroke, then the lasers will be switched to the other half
that will write during the upstroke. This allows a 50% duty
cycle for a laser to write through each output aperture; if
each laser can supply enough power to two output apertures
writing simultaneously, then 16 lasers can handle all 64 fiber
channels in one column spanning the 4-mm tape width

The vertical displacement (direction perpendicular to
arrow 877, the direction of movement of the read/write head
856 relative to the scanned surface 10) of successive col-
umns of output apertures in the embodiment of FIG. 14, for
example, may be non-zero, but less than the data-cell pitch,
so that each column of outputs scans a slightly different part
of the surface. This vertical displacement may also be zero.
In either case, preferably, the data streams from the detectors
reading the return signals from each fiber are digitized and
processed. Thus, all the streams from all four detectors are
processed together so that data from successive sweeps of
the same area (or almost the same area, when the vertical
displacement of columns is non-zero) are presented to an
image processing computer. Using known image-processing
techniques (e.g., weighted averaging or most representative
trace for each cell), this information can be used to provide
a very fast, low error rate reading of the scanned surface
pattern. The lateral spacing of the fibers in each array of fiber
scanners (which determines the delay between the succes-
sive scans of the same surface area) is determined by a
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tradeoff between physical design constraints and data
buffering/processing considerations. For the tape scanning
application described next the optoelectronic switching
functions and the MEMS system requires at least 50 MHz
clock rates in an on-board controller.

Note that while in the embodiments described, the size of
the array of output apertures is 4 x8, it is also possible to
form arrays with other dimensions to obtain the same
benefits. Also, the data cell size may be other than as
described in the above embodiments. In any of the above
embodiments, it is possible to project light, and receive light
back from the scanned surface, by direct proximity of the
output apertures as in FIG. 2 or by using imaging optics as
in FIG. 14. Note also that the lasers could be switched on and
off to modulate for writing rather than as in the preferred
system described where optical switches are used for modu-
lation. Note also that the image processing techniques dis-
cussed can take the form of different kinds of data encoding,
so that data does not have to be written as separate data-cells.
Other kinds of surface modulation techniques may be
employed in connection with the invention and for each of
these, redundant scanning will achieve similar benefits in
terms of high reading rates, along with the benefits discussed
above with respect to writing as well. In addition, referring
to FIG. 19, it is also possible to arrange the output apertures
and their spacing such that redundancy is provided by
sweeping the scan spots over overlapping regions 66 by
virtue of the range of motion of the oscillations. That is,
instead of sweeping apertures spaced on a 64 micron pitch
and sweeping +32 microns, the sweep could be greater than
the spot pitch so that the same areas are scanned more than
once. Thus, spot 47a and 47¢ sweep the same region 66.
Image processing could be applied to such data, buffered
appropriately, as well. For a series of identically positioned
scans performed serially across the same information area,
the image processing step could be as simple as a democratic
vote that takes the most agreed-on value among the 4 voting
channels. For staggered apertures, the image processing step
in the simplest case would be a best-fit to a series of stored
expected images associated with each possible value (which
could include known erroneous values).

Referring to FIG. 15, an image processor 852 receives
multiple channel signals, each from a respective one of the
detectors connected to the four apertures receiving signals
from the same or nearly same region of the scanned surface.
Image processor 852 receives the signal from read/write
head 846. Only four channels are shown, but in the embodi-
ment of FIG. 14, for example, 64 sets of 4 channels would
be transmitted to be image-processed. The result of image
processing is a prediction of the correct “value” of the cell
read multiple times which may output as a serial data stream
on line 854. The term “value” is used loosely here in that the
data is stored as some sort of symbol which may correspond
to multiple independent numeric values depending on the
encoding scheme used. For example, the data could be
recorded with multiple bits per mark (gray scale).

The above embodiment, where separate output apertures
sweep the same regions of the scanned surface, is not the
only way to oversample the target surface. Referring to
FIGS. 16, 17, and 18, various alternative ways to achieve
oversampling are shown. In FIG. 16, the output apertures 47
are staggered so that each sweeps over a different area The
rate of oscillation relative to the rate of translation of the
surface, indicated by the zig-zag line 49, is such that the
same data cells 48 are scanned multiple times. In the
embodiment described above and shown in FIG. 17, the
multiple fiber (or, more generally, light-waveguide) configu-
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ration simply multiplies the data rate by scanning/reading
with several light-spots over the same area. In the embodi-
ment of FIG. 16, each spot scans a different area (and this
would require the spots be staggered in the direction of the
oscillation so that different spots do not sweep the same
regions), but each spot scans the same area more than once.
In the latter case, the operation of each spot while scanning
and collecting data is essentially independent of the others.
The physical configurations of these two alternatives is the
same as depicted in the other figures.

In another embodiment such as described by FIG. 16, a
cantilever-mounted fiber-optic bimorph, such as described
in the applications incorporated by reference below, (for
example, in the application entitled “Scanning Device Using
Fiber Optic Bimorph.”) are used to generate the light spot.
In this case, a single light spot is generated by each bimorph.
As shown in FIG. 16, in this embodiment, oversampling is
accomplished by having a spot perform its scan oscillation
with a frequency such that its center scans through a data cell
several times before crossing the columnar boundary to the
next data cell or region of the target surface.

For example, in an optical tape system, the data cells
move past the scanning locus of the spot oscillation as the
tape moves under the read/write head. The optical properties
(e.g., reflectivity) of the data cell area are oversampled
because more than one trace of the sampling spot passes
through the data cell area, with the locus of each trace
displaced from the previous one by some fraction of the data
cell width. The best measure of the data cell can be formed
by either processing the multiple traces together (e.g.,
weighted averaging) or by selecting a best or most repre-
sentative data trace for each data cell.

Note that, the image-processing techniques can be applied
in an embodiment of the invention in which the parallel
columns of input apertures are offset relative to each other.
That is, the data readings are semi-redundant in the sense
that non-identical portions of the same data cells are read
and image-processed. That is, slightly different portions of a
data cell are read by each column of input apertures. The
image-processing algorithms may have to take account of
the offset (that is, have it predefined) and therefore be
different from (or more generalized versions of - zero-offset
is just a special case of variable offset) the algorithms
applicable to a zero-offset situation. Although it is also
possible to register the values of the offset by image pro-
cessing. Obviously the scans will contain information about
the repeating pattern which should make it possible to avoid
specifying the offset a priori in the algorithm Also, the offset
could be determined through calibration using a medium
with known fiducials imprinted on it.

It is also possible to scan in a hybrid fashion such as
shown in FIG. 18. In this case, the surface displacement rate
and the oscillation speed are such that the spots sweep the
same region multiple times, but, in addition, at least one
successive scan spot 47b follows the first 47a and sweeps
over the same region of the target surface. So redundant or
partly redundant data are obtained in two ways at the same
time.

The optical design discussed above avoids the use of
costly, large aperture discrete optics through the use of
integrated fabrication techniques that reduce alignment
problems and allow low-cost manufacturing in quantity. In
addition, the optoelectronic chip controls the light distribu-
tion and permits the use of many more scanning channels
than lasers with low cost per added channel and very high
parallel data transfer rates The optoelectronic chip also
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allows lithographically-determined, precise spacing of out-
put apertures for separate laser sources. Also, the chip
permits efficient use of laser power including ganging of low
power sources such as VCSEL sources; and continuous
wave laser operation during write mode. Moreover, the
design achieves scanning action through optical fiber motion
produced by either microelectromechanical systems
(MEMS) technology or a known micro scale vibratory
motion technique such as a piezoelectric transducer. In
addition, the invention includes the use of parallel, redun-
dant laser scanning, a low-cross-talk design, and an “image
analysis™ approach to signal processing.

The best MEMS scanning method depends on the prac-
tical engineering tradeoffs attending the specific application.
For example, the mass of the moving element, the amplitude
of the oscillation, and the frequency. One optimization goal
might be to opt for high frequency and therefore favor
minimum mass of the moving element. This would suggest
an individual fiber is best. Engineering, however, places
other constraints on the application, for example, the actual
position of the surface emitting the light relative to the focal
point of the optics. See for example, Brei et. al, incorporated
herein by reference below.

Regarding the manufacturing of MEMS devices, for
example, the light emitting aperture, shape and surface
treatment, manufacturing issues are not a problem. For
example methods have been developed to apply metals to
glass fibers to enable capacitive coupling for driving the
fiber motion. Individual methods of fabrication and then
manufacture may be addressed depending on the availability
of resources, e.g. metallization of a polymer “fiber” or
waveguide, or application of piezoelectric material to a
polymer. Regarding the optical properties of the fiber output,
particularly with regard to numerical aperture (NA), some
trial-and-error experimentation may be required to achieve
an optimum configuration. If constructed layer by layer, the
fiber tip construction is totally conventional. The optical
quality and properties of the exit aperture as mentioned
above are critical, and therefore exact recipes may require
some trial-and-error experimentation. For example, a graded
index clad may be necessary, or new process methods due to
required design considerations. In an embodiment employ-
ing an optical fiber, the exit aperture may be defined by
cleaving. In an embodiment employing a multilayer (e.g.,
polymer) structure, processing at the end of the fiber is
important. Conventional methods at present include ion
beam “polishing” of the tip or exit aperture.

The cantilever “style” vibrating fiber structure requires a
waveguiding “core,” as with any optical fiber. Also a clad-
ding is required to confine the optical energy. The fiber, or,
more generally, light guide, can have a round, square, or
rectangular cross section depending on design consider-
ations for the purpose of light “piping.” A square or rectan-
gular cross section is easiest to deal with from a manufac-
turing and fabrication point of view, as well as from the point
of view of driving oscillations. Planar “capacitive” plates are
easily implemented in a layered, bimorph configuration that
optimizes energy transfer for driving oscillation while mini-
mizing the required power. However, this puts severe con-
straints on optical design due to the need for polarization
conservation elsewhere in the system, as well as mode
conservation and balance. A layer by layer fabrication pro-
cess is the best approach; in that case, the “fixed end” of the
fiber is on top of the underlying structural and functional
layers. The quality checks necessary are both optical and
mechanical. Longevity will be related to mechanical work
with frequency, total number of oscillations, material, com-
posite structures, adhesion, etc. also being contributing
factors.
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Note, regarding a fundamental mechanism of failure in
stressed single crystal materials, such as Si, defects in single
crystals diffuse thermal and aggregate in the material. This
is well known (see for example Silicon Processing for the
VLSI Era, S. Wolf and R. N. Tauber, Lattice Press and other
books addressing the processes in Si fabrication, particularly
crystal growth). Note that various embodiments could make
use of the same lasers for both reading and writing, as
discussed above. In such a case, a head could have separate
exit apertures for reading and for writing, or have one set of
apertures serving both functions.

The respective entireties of the following United States
patent applications, filed concurrently herewith, are hereby
incorporated by reference in the present application:

Scanning Device Using Fiber Optic Bimorph (Adam
Thomas Drobot, Robert Courtney White)

Multiple Parallel Source Scanning Device (Adam Tho-
mas Drobot, Robert Courtney White, Newell Convers
Wyeth)

Multiple Channel Data Writing Device (Adam Thomas
Drobot, Robert Courtney White, Newell Convers
Wyeth, Albert Myron Green)

Multiple Channel Scanning Device Using Optoelectronic
Switching (Adam Thomas Drobot, Robert Courtney
White, Newell Convers Wyeth)

Method and Apparatus for Controlling the Focus of a
Read/Write Head for an Optical Scanner (Edward Alan
Phillips, Newell Convers Wyeth)

Multiple Channel Scanning Device Using Oversampling
and Image Processing to Increase Throughput (Adam
Thomas Drobot, Robert Courtney White, Newell Con-
vers Wyeth, Albert Myron Green, Edward Alan
Phillips)

The respective entireties of the following references are

hereby incorporated by reference in the present application:

M. Ataka, A Omodaka, N. Takeshima, and H. Fujita,

“Fabrication and Operation of Polyimide Bimorph Actuators
for a Ciliary Motion System”, JMEMS, Volume 2, No. 4,
page 146.

D. E. Brei and J. Blechschmidt, “Design and Static
Modeling of a Semicircular Polymeric Piezoelectric
Microactuator”, JMEMS, Volume 1, No. 3, page 106.

J. W. Judy, R. S. Muller, and H. H. Zappe, “Magnetic
Microactuation of Polysilicon Flexure Structures”,
JMEMS, Volume 4, No. 4, page 162.

T. S. Low and W. Guo, “Modeling of a Three-Layer
Piezoelectric Bimorph Beam with Hysteresis”,
JMEMS.

Q. Meng, M. Mehregany, and R. L. Mullen, “Theoretical
Modeling of Microfabricated Beams with Elastically
Restrained Supports”, IMEMS, Volume 2, No. 3, page
128 et. seq.

K. Minami, S. Kawamura, and M. Esashi, “Fabrication of
Distributed Electrostatic Micro Actuator (DEMA)”,
JMEMS, Volume 2, No. 3, page 121 et. seq.

J. G. Smits, and A. Ballato, “Dynamic Admittance Matrix
of Piezoelectric Cantilever Bimorphs”, JIMEMS, Vol-
ume 3, No. 3, page 105 et. seq.

Yuji Uenishi, Hedeno Tanaka, and Hiroo Ukita, NTT
Interdisciplinary Research Laboratories (Tokyo,
Japan), “ AlGaAs/GaAs micromachining for monolithic
integration of optical and mechanical components”,
Optical power driven cantilever resonator. Proceedings
SPIE et. seq.
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What is claimed is:

1. A scanning device for scanning a target surface having
data written thereon, said data being arranged in adjacent
data cells on said target surface, each of said cells having one
of a set of possible configurations representing data, the
device comprising:

a read/write head with at least one reading laser source
connected to emit light from an array of output aper-
tures and receive light through an array of input aper-
tures,

an image processor;

said read/write head and said target surface being sup-
ported to move relative to each other to scan said target
surface;

said array of output apertures being arranged such that
multiple ones of said output apertures scan substan-
tially a same cell of said surface;

said read/write head including detectors to produce detec-
tion signals, each corresponding to a respective one of
said array of input apertures and connected to said
image processor; and

said image processor receives said detection signals and is
configured to process said detection signals to generate
an estimate of a configuration of said same cell and to
generate a signal stream representing said estimate.

2. A device as in claim 1, wherein said output apertures
are coaxial with said input apertures.

3. A device as in claim 1, wherein said read/write head
includes a optoelectronic chip having light guides formed
therein, each of said light guides being connected to a one
of said output apertures.

4. A device as in claim 1, wherein said optoelectronic chip
includes at least one optical switch to modulate an output of
one of said reading laser source and a writing laser source.

5. A device as in claim 4, wherein said at least one optical
switch modulates said laser source by selectively directing
said output between a write output aperture and another
direction leading ultimately to dissipation of energy of said
writing laser source, whereby said writing laser source is
enabled to operate in a continuous manner while writing.

6. A device as in claim 1, wherein said read/write head
further comprises multiple reading laser sources, each con-
nected to an array of light guides interconnected to split a
laser output of said each of said multiple reading laser
sources into multiple paths, each connected to a one of said
output apertures.

7. A device as in claim 6, wherein said array of light
guides are interconnected with respective optical switches
controlled by a controller programmed to cause said laser
output to be shared among multiple ones of said output
apertures by shunting said laser output to a first fraction of
said multiple ones of said output apertures at a first time and
shunting said laser output to a second fraction of said
multiple ones of said output apertures at a second time.

8. Adevice as in claim 7, wherein said first fraction of said
multiple ones of said output apertures is equal to a single one
of said output apertures.

9. A device as in claim 1, wherein:

said read/write head further comprises multiple reading
laser sources, each connected to an array of light guides
interconnected to split a laser output of said each of said
multiple reading laser sources into multiple paths
defined by said light guides, each path being connected
to a one of said output apertures; and

said array of light guides are interconnected with respec-
tive optical switches controlled by a controller pro-
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grammed to cause said laser output to be shared among
multiple ones of said output apertures by shunting a
percentage of said laser output to a first fraction of said
multiple ones at a first time and shunting a second
fraction of said laser output to second fraction of said
multiple ones at a second time.

10. A scanning device for scanning a target surface having
data written thereon, said data being arranged in columns of
adjacent data cells on said target surface, each of said
columns of data cells having one of a set of possible
configurations representing data, the device comprising:

a read/write head with an array of input apertures
arranged in successive columns such that each of said
columns receives reflected light from a same one of
said columns of data cells;

at least one detector connected to detect light received by
said array of input apertures;

said array of input apertures sampling more than once at
least a portion of said data cells; and

said detector generating a signal indicating an estimate of
a one of said possible configurations by combining
information derived from light received by all of said
input apertures.

11. A device as in claim 10, wherein said detector com-
bines said information by detecting light from each of said
columns and synthesizing an improved estimate of said one
of said possible configurations from a combination of sig-
nals generated thereby.

12. A scanning device for scanning a target surface having
data written thereon, said data being arranged in columns of
adjacent data cells on said target surface, each of said
columns of data cells having one of a set of possible
configurations representing data, the device comprising:

a scanning head with an array of input apertures arranged
in successive columns such that each of said columns
receives reflected light from a same one of said col-
umns of data cells;

at least one detector connected to detect light received by
said array of input apertures;

said array of input apertures sampling more than once at
least a portion of said data cells; and

said detector generating a signal indicating an estimate of
one of said possible configurations by combining infor-
mation derived from light received by all of said input
apertures.

13. A device as in claim 12, wherein said scanning head
includes at least one laser connected to conduct light to said
array of input apertures, whereby said array of input aper-
tures functions as an array of output apertures from which
light is emitted.

14. Adevice as in claim 13, further comprising an imaging
optical element positioned between said scanning head and
said target surface to image light emitted from said output
apertures onto said target surface, said light from said same
one of said columns of data cells being light emitted from
said array of output apertures, returned from said target
surface, and imaged by said imaging optical element back
onto said input apertures.

15. A device as in claim 14, wherein at least one detector
is an array of detectors, each being respective of one of said
array of input apertures and said scanning head includes a
light guide leading from each of said input apertures of said
array of input apertures to said respective detector.

16. A method of reading data from a recorded surface
having successive columns of data cells, said successive
columns comprising at least one row of said data cells,
comprising the steps of:
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moving said recorded surface such that light from a first
output aperture is focused onto a first of said successive
columns;

receiving light returned from said recorded surface
responsively to said first step of moving said recorded
surface;

detecting light returned to said first output aperture and
storing a first result thereof;

moving said recorded surface such that light from a
second output aperture is focused onto said first of said
successive columns;

receiving light returned from said recorded surface
responsively to said second step of moving;

detecting light returned to said second output aperture and
storing a second result thereof; and

calculating data represented by said first of said respective
columns responsively to a computed combination of
said fist and second results.

17. A method as in claim 16, wherein:

said first step of receiving includes receiving light at a first
input aperture corresponding to said first output aper-
ture; and

said second step of receiving includes receiving light at a
second input aperture corresponding to said second
output aperture.

18. A scanning device for scanning a target surface with
data written thereon, said data being arranged in data cells
each having one of a set of possible configurations repre-
senting data, comprising:

a scanning head with an array of input apertures arranged

such that each of said input apertures receives light
reflected from said target surface from a same data cell;

at least one detector configured to detect light received by
said array of input apertures; said detector generating a
signal indicating an estimate of one of said possible
configurations by combining information derived from
light received by all of said input apertures;

a frame connected to said scanning head; and

an oscillating motor connected between said frame and
said scanning head to oscillate said scanning head
relative to said target surface.

19. A device as in claim 18, wherein said medium is
moved continuously in said first direction at a constant
speed.

20. A device as in claim 18, wherein a direction of an
oscillation of said read/write head has a component substan-
tially perpendicular to said first direction.

21. A device as in claim 20, wherein said scanning head
includes at least one laser connected to conduct light to said
array of input apertures, whereby said array of input aper-
tures functions as an array of output apertures from which
light is emitted.

22. Adevice as in claim 21, further comprising an imaging
optical element positioned between said scanning head and
said target surface to image light emitted from said output
apertures onto said target surface, said light from said same
one of said columns of data cells being light emitted from
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said array of output apertures, returned from said target
surface, and imaged by said imaging optical element back
onto said input apertures.

23. A device as in claim 22, wherein at least one detector
is an array of detectors, each being respective of one of said
array of input apertures and said scanning head includes a
light guide leading from each of said input apertures of said
array of input apertures to said respective detector.

24. A scanning device for scanning a target surface having
data cells written thereon, the device comprising:

a light source;

a first output aperture coupled to said light source and
configured to emit light onto a data cell and receive
light reflected from said data cell;

a second output aperture coupled to said light source and
configured to emit light onto said data cell and receive
light reflected from said data cell;

at least one detector coupled to said first and second
output apertures that detects said reflected light and
generates a first detection signal corresponding to light
received at said first output aperture and a second
detection signal that corresponds to light received at
said second output aperture;

an image processor that receives said first and second
detection signals and is configured to process said first
and second detection signals to generate an estimate
value of said data cell.

25. A scanning device for scanning a target surface with

data cells comprising:

a scanning head with an array of input apertures that
receive light reflected from said target surface from a
same one of said data cells;

at least one detector configured to detect light received by
said array of input apertures; said detector generating a
signal indicating an estimate of one of a set of possible
configurations of said same one of said data cells by
combining information derived from light received by
all of said input apertures; and

an oscillating motor connected to said scanning head to
oscillate said scanning head relative to said target
surface.

26. A scanning device for scanning a target surface with

data cells written thereon, comprising:

a scanning head with an array of input apertures arranged
in successive columns such that each of said input
apertures receives light reflected from said target sur-
face from a same one of said data cells;

at least one detector that detects light received by said
array of input apertures; said detector generating a
signal representing an estimate of one of a set of
possible data value configurations by combining infor-
mation derived from light received by all of said input
apertures; and

an oscillating motor connected to said scanning head to
oscillate said scanning head.
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SOCKET FOR USE WITH A MICRO-
COMPONENT IN A LIGHT-EMITTING
PANEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

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 appli-
cation 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 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
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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
particularly difficult to achieve a good seal at the sites where
the electrodes are fed through the ends of the parallel plates.
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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
level, the fabrication process precludes the majority of
individual component parts from being tested until the final
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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
substrate. In another embodiment, a plurality of material
layers form a substrate and a portion of the material layers
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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
a substrate, as disclosed in another embodiment of the
present invention.
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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. 31 shows an example of a cavity that has a paral-
lelepiped shape.

FIG. 3] 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
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
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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
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 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
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, 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 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. 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
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
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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 6, such that a micro-component 40 disposed in a deep
socket 30 may provide more collimated light and hence a
narrower viewing angle 6 (FIG. 4), while a micro-
component 40 disposed in a shallow socket 30 may provide
a wider viewing angle 6 (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
ink jet 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
variety of enhancement materials 325. The enhancement
materials 325 include, but are not limited to, anti-glare
coatings, touch sensitive surfaces, contrast enhancement
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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 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. 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
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
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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 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.

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
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
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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
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
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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 comprising a plurality of material layers;

a second substrate opposed to the first substrate;

a plurality of sockets, each socket comprising a cavity, the
cavity being formed by selectively removing a portion
of the material layers, wherein the cavity is in a shape
selected from the group consisting of a cube, a cone, a
conical frustum, a paraboloid, spherical, cylindrical, a
pyramid, a pyramidal frustum, a parallelepiped, and a
prism;

a plurality of micro-components, 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 one electrode of
the plurality of electrodes is disposed on or within the
material layers.

2. The light-emitting display of claim 1, 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 the
field of view of the light-emitting panel without crossing the
at least two electrodes.

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

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 the plu-
rality of material layers comprise at least one enhancement
material selected from the group consisting of anti-glare
coatings, touch sensitive surfaces, contrast enhancement
coatings, and protective coatings.

8. The light-emitting panel of claim 1, wherein the plu-
rality of material layers comprise at least one enhancement
material selected from the 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 method for forming a socket for use in a light
emitting display, comprising the steps of:

disposing a plurality of material layers, wherein the step
of disposing the plurality of material layers comprises
the step of disposing at least one electrode within the
material layers; and

selectively removing a portion of the plurality of material
layers and the at least one electrode to form a cavity,
wherein the cavity is capable of at least partially
supporting at least one micro-component.

10. The method of claim 9, performed as part of a

continuous inline process.

11. The method of claim 10, performed as part of a
continuous inline process.

12. A method for forming a socket for use in a light-
emitting display, comprising the steps of:
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providing a substrate;

patterning the substrate so as to form a cavity in the
substrate;

disposing a plurality of material layers on the substrate
such that the plurality of material layers conform to the
shape of the cavity, wherein the step of disposing a
plurality of material layers on the substrate comprises
the step of disposing at least one electrode within the
material layers.

13. A light-emitting panel comprising:

at least one micro-component;

a socket, wherein the socket comprises a cavity, wherein
the at least one micro-component and the cavity have
complimentary shapes, and wherein the opening of the
cavity is smaller than the diameter of a micro-
component so that when the at least one micro-
component is disposed in the cavity the at least one
micro-component is held in place by the cavity; and

at least two electrodes, 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.

14. A light-emitting panel comprising:

a first substrate;

a plurality of material layers disposed on the first
substrate, wherein each material layer of the plurality of
material layers comprises an aperture;

a second substrate opposed to the first substrate;

a plurality of sockets, wherein each socket comprises a
cavity and wherein the cavity is formed by aligning the
apertures of the plurality of material layers;

a plurality of micro-components, 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 on or within the
material layers.

15. The light-emitting display of claim 14, wherein at
least two electrodes of the plurality of electrodes are
arranged so that voltage supplied to the at least two elec-
trodes causes one or more micro-components to emit radia-
tion throughout the field of view of the light-emitting panel
without crossing the at least two electrodes.

16. The light-emitting panel of claim 14, wherein the
cavity is in a shape selected from the group consisting of a
cube, a cone, a conical frustum, a paraboloid, spherical,
cylindrical, a pyramid, a pyramidal frustum, a
parallelepiped, and a prism.

17. The light-emitting panel of claim 14, wherein the
depth of the cavity is selected to achieve a specific field of
view for the light-emitting display.

18. The light-emitting panel of claim 14, wherein at least
one socket is at least partially coated with phosphor.

19. The light-emitting panel of claim 14, wherein at least
one socket is at least partially coated with a reflective
material.

20. The light-emitting panel of claim 14, further compris-
ing an adhesive or bonding agent disposed in the cavity.

21. The light-emitting panel of claim 14, wherein the
plurality of material layers comprise at least one enhance-
ment material selected from the group consisting of anti-
glare coatings, touch sensitive surfaces, contrast enhance-
ment coatings, and protective coatings.

22. The light-emitting panel of claim 14, wherein the
plurality of material layers comprise at least one enhance-
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ment material selected from the group consisting of a plurality of micro-components, wherein at least one
transistors, integrated-circuits, semiconductor devices, micro-component of the plurality of micro-components
inductors, capacitors, resistors, diodes, control electronics, is at least partially disposed in each socket; and

drive electronics, pulse-forming networks, pulse
compressors, pulse transformers, and tuned-circuits.
23. A light-emitting panel comprising:

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

a first substrate; electrode is adhered to the each of the first substrate and

a second substrate opposed to the first substrate; the second substrate and wherein the at least two

a plurality of sockets, each socket of the plurality of o electrodes are arranged so that voltage supplied to the
sockets comprising a cavity patterned on the first at least two electrodes causes one or more micro-
substrate so as to be formed in the first substrate, components to emit radiation.

wherein an adhesive or bonding agent is disposed in the
cavity; I T S
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METHOD AND SYSTEM FOR ENERGIZING
A MICRO-COMPONENT IN A LIGHT-
EMITTING PANEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

The following applications filed on the same date as the
present application are herein incorporated by reference:
U.S. patent application Ser. No. 09/697,346 entitled A
Socket for Use with a Micro-Component in a Light-Emitting
Panel filed Oct. 27, 2000; 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; 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 is directed to a light-emitting panel
and methods of fabricating the same. The present invention
further relates to a method and system for energizing micro-
components 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 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.

Typically, there are two different arrangements of con-
ductors that are used to perform the write, erase, and sustain
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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
particularly difficult to achieve a good seal at the sites where
the electrodes are fed through the ends of the parallel plates.
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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
level, the fabrication process precludes the majority of
individual component parts from being tested until the final
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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
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 one 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 an embodiment of the present invention, the plurality
of sockets include a cavity that is patterned in the first
substrate and at least two electrodes adhered to the first
substrate, the second substrate or any combination thereof.

In another embodiment, the plurality of sockets include a
cavity that is patterned in the first substrate and at least two
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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
panel without the radiation crossing the electrodes.

In another embodiment, a first substrate comprises a
plurality of material layers and a socket is formed by
selectively removing a portion of the plurality of material
layers to form a cavity and disposing at least one electrode
on or within the material layers.

In another embodiment, a socket includes a cavity pat-
terned 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 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 energiz-
ing a micro-component in a light-emitting display using the
socket configurations described above with voltage provided
to at least two electrodes causing at least one micro-
component at least partially disposed in the cavity of a
socket to emit radiation.

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 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 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. 31 shows an example of a cavity that has a paral-
lelepiped shape.

FIG. 3] 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 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. 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 mid-plane 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 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 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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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
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 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. 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 luminescence 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 and dopants that may
be added to a micro-component 40 that also influence the
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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. 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 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.

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-31J, 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 6 (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.

In an embodiment for a light-emitting panel, 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 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, 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
light-emitting panel, 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-
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rial layers 60 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 mate-
rial layers. 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
light-emitting panel, 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 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, sputtering, laser
deposition, chemical deposition, vapor deposition, or depo-
sition 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
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 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, antiglare coatings,
touch sensitive surfaces, contrast enhancement coatings,
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protective coatings, transistors, integrated-circuits, semicon-
ductor 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 enhancement materials may be disposed in, or proximate
to each socket by any transfer process, photolithography,
sputtering, laser deposition, chemical deposition, vapor
deposition, deposition using ink jet technology, or mechani-
cal means. In another embodiment of the present invention,
a method for making a light-emitting panel includes dispos-
ing 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
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. The
electrodes may be disposed in the light-emitting panel using
any technique known to one skilled in the art including, but
not limited to, any transfer process, photolithography,
sputtering, laser deposition, chemical deposition, vapor
deposition, deposition using ink jet technology, or mechani-
cal means. 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 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 microcompo-
nents to emit radiation. In another general embodiment, a
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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 elec-
trodes.

In an embodiment where the sockets 30 each include a
cavity patterned in the first substrate 10, at least two elec-
trodes may be disposed on the first substrate 10, the second
substrate 20, or any combination thereof. In an embodiment
for a method of energizing a micro-component, the elec-
trodes may be disposed either before the cavity is formed or
after the cavity is formed. 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 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. 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. It is believed
that energizing a micro-component with this arrangement of
electrodes will produce increased luminosity. 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 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 function from the sustain electrodes. It is
believed that this arrangement will 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. It is also believed that by separating the
sustain and address electrodes so different voltage sources
may be used to provide the address and sustain functions, a
lower or different type of voltage source may be used to
provide the address or sustain functions.

In an embodiment where a cavity 55 is patterned in the
first substrate 10 and a plurality of material layers 65 are
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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 an embodiment for
a method of energizing a micro-component, electrodes
formed on the first substrate may be disposed either before
the cavity was patterned or after the cavity was patterned. In
one embodiment, as shown in FIG. 9, a first address clec-
trode 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 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 configu-
ration and the address function will be performed between at
least one of the sustain electrodes and the address electrode.
It is believed that energizing a micro-component with this
arrangement of electrodes will produce increased luminos-
ity. 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. This configuration
completely separates the addressing function from the sus-
tain electrodes. It is believed that this arrangement will
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. It is also believed that by
separating the sustain and address electrodes so different
voltage sources may be used to provide the address and
sustain functions a lower or different type of voltage source
may be used to provide the address or sustain functions.
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. 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 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 configu-
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ration and the address function will be performed between at
least one of the sustain electrodes and the address electrode.
It is believed that energizing a micro-component with this
arrangement of electrodes will produce increased luminos-
ity. As seen in FIG. 14, 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 elec-
trode and the second sustain electrode. This configuration
completely separates the addressing function from the sus-
tain electrodes. It is believed that this arrangement will
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. It is also believed that by
separating the sustain and address electrodes so different
voltage sources may be used to provide the address and
sustain functions a lower or different type of voltage source
may be used to provide the address or sustain functions.

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 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 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

at least two electrodes, wherein the at least two electrodes
are adhered to the first substrate, the second substrate or
any combination thereof, 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 at least
two electrodes comprise one or more address electrodes and
one or more sustain electrodes, and wherein at least one
address electrode is traverse to at least one sustain electrode.

3. The light-emitting panel of claim 1, wherein the at least
two electrodes comprise one or more address electrodes and
one or more sustain electrodes, and wherein at least one
address electrode or at least one sustain electrode is at least
partially disposed in the cavity.

4. The light-emitting panel of claim 1, wherein each
socket comprises at least one enhancement material,
wherein the at least one enhancement material is disposed in
or proximate to each socket, and wherein the at least one
enhancement material is selected from a group consisting of
transistors, integrated-circuits, semiconductor devices,
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inductors, capacitors, resistors, control electronics, drive
electronics, diodes, pulse forming networks, pulse
compressors, pulse transformers, and tuned-circuits.

5. 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 in the first substrate, and further wherein each
socket comprises at least one enhancement material,
wherein the at least one enhancement material is dis-
posed in or proximate to each socket, and wherein the
at least one enhancement material is selected from a
group consisting of transistors, integrated-circuits,
semiconductor devices, inductors, capacitors, resistors,
control electronics, drive electronics, diodes, pulse
forming networks, pulse compressors, pulse
transformers, and tuned-circuits;

a plurality of micro-components, 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 arranged so that voltage
supplied to the at least two electrodes causes one or
more micro-components to emit radiation throughout
the field of view of the light-emitting panel without
crossing the at least two electrodes.

6. The light-emitting panel of claim 5, wherein the at least
two electrodes comprise one or more address electrodes and
one or more sustain electrodes, and wherein at least one
address electrode is traverse to at least one sustain electrode.

7. The light-emitting panel of claim 5, wherein the at least
two electrodes comprise one or more address electrodes and
one or more sustain electrodes, and wherein at least one
address electrode or at least one sustain electrode is at least
partially disposed in the cavity.

8. A light-emitting panel comprising:

a first substrate comprising a plurality of material layers;

a second substrate opposed to the first substrate;

a plurality of sockets, wherein each socket comprises a
cavity and wherein the cavity is formed by selectively
removing a portion of the material layers;

a plurality of micro-components, 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 one electrode of
the plurality of electrodes is disposed on or within the
material layers.

9. The light-emitting panel of claim 8, wherein each
socket further comprises a first address electrode, a first
sustain electrode and a second sustain electrode, such that
the first sustain electrode and the second sustain electrode
are disposed in a co-planar configuration.

10. The light-emitting panel of claim 8, wherein each
socket further comprises a first address electrode, a first
sustain electrode and a second sustain electrode, such that
the first address electrode is disposed in a mid-plane con-
figuration.

11. The light-emitting panel of claim 8, wherein each
socket further comprises a first address electrode, a second
address electrode, a first sustain electrode, and a second
sustain electrode, such that the first address electrode and the
second address electrode are disposed between the first
sustain electrode and the second sustain electrode.

12. The light-emitting panel of claim 8, wherein each
socket comprises at least one enhancement material,
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wherein the at least one enhancement material is disposed in
or proximate to each socket, and wherein the at least one
enhancement material is selected from a group consisting of
transistors, integrated-circuits, semiconductor devices,
inductors, capacitors, resistors, control-electronics, drive
electronics, diodes, pulse forming networks, pulse
compressors, pulse transformers, and tuned-circuits.
13. 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 in the first
substrate, and

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, 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 one electrode of
the plurality of electrodes is disposed within the mate-
rial layers.

14. The light-emitting panel of claim 13, wherein each
socket further comprises a first address electrode, a first
sustain electrode and a second sustain electrode, such that
the first sustain electrode and the second sustain electrode
are disposed in a co-planar configuration.

15. The light-emitting panel of claim 13, wherein each
socket further comprises a first address electrode, a first
sustain electrode and a second sustain electrode, such that
the first address electrode is disposed in a mid-plane con-
figuration.

16. The light-emitting panel of claim 13, wherein each
socket further comprises a first address electrode, a second
address electrode, a first sustain electrode, and a second
sustain electrode, such that the first address electrode and the
second address electrode are disposed between the first
sustain electrode and the second sustain electrode.

17. The light-emitting panel of claim 13, wherein each
socket comprises at least one enhancement material,
wherein the at least one enhancement material is disposed in
or proximate to each socket, and wherein the at least one
enhancement material is selected from a group consisting of
transistors, integrated-circuits, semiconductor devices,
inductors, capacitors, resistors, control electronics, drive
electronics, diodes, pulse forming networks, pulse
compressors, pulse transformers, and tuned-circuits.

18. A method for energizing a micro-component in a
light-emitting panel comprising steps of:

forming a first substrate by disposing a plurality of
material layers, wherein the step of disposing the
plurality of material layers comprises the step of dis-
posing at least one electrode on or within the material
layers;

selectively removing a portion of the material layers to
form a cavity;

at least partially disposing at least one micro-components
in the cavity, such that the at least one micro-
component is in electrical contact with the at least one
electrode; and

providing a voltage to at least two electrodes causing the
at least one micro-component to emit radiation.

19. The method of claim 18, further comprising the step

of disposing at least one enhancement material on or within
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the plurality of material layers and wherein the at least one
enhancement material is selected from a group consisting of
transistors, integrated-circuits, semiconductor devices,
inductors, capacitors, resistors, control electronics, drive
electronics, diodes, pulse forming networks, pulse
compressors, pulse transformers, and tuned-circuits.

20. A method for energizing a micro-component in a
light-emitting panel, comprising he steps of:

providing a first substrate;

patterning a cavity in the first substrate;

disposing a plurality of material layers on the first sub-
strate so that the plurality of material layers conform to
the shape of the cavity, wherein the step of disposing
the plurality of material layers comprises the step of
disposing at least one electrode on or within the mate-
rial layers;

at least partially disposing at least at least one micro-

components in the cavity, such that the at least one
micro-component is in electrical contact with the at
least one electrode; and

providing a voltage to at least two electrodes causing the

at least one micro-component to emit radiation.

21. The method of claim 20, further comprising the step
of disposing at least one enhancement material on or within
the plurality of material layers and wherein the at least one
enhancement material is selected from a group consisting of
transistors, integrated-circuits, semiconductor devices,
inductors, capacitors, resistors, control electronics, drive
electronics, diodes, pulse forming networks, pulse
compressors, pulse transformers, and tuned-circuits.

22. A light-emitting panel comprising:

a first substrate;

a plurality of material layers disposed on the first

substrate, wherein each material layer of

the plurality of material layers comprises an aperture;
a second substrate opposed to the first substrate;

a plurality of sockets, wherein each socket comprises a
cavity and wherein the cavity is formed by aligning the
apertures of the plurality of material layers;

a plurality of micro-components, 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 one electrode of
the plurality of electrodes is disposed on or within the
material layers.

23. The light-emitting panel of claim 22, wherein each
socket further comprises a first address electrode, a first
sustain electrode and a second sustain electrode, such that
the first sustain electrode and the second sustain electrode
are disposed in a co-planar configuration.

24. The light-emitting panel of claim 22, wherein each
socket further comprises a first address electrode, a first
sustain electrode and a second sustain electrode, such that
the first address electrode is disposed in a mid-plane con-
figuration.

25. The light-emitting panel of claim 22, wherein each
socket further comprises a first address electrode, a second
address electrode, a first sustain electrode, and a second
sustain electrode, such that the first address electrode and the
second address electrode are disposed between the first
sustain electrode and the second sustain electrode.

26. The light-emitting panel of claim 22, wherein each
socket comprises at least one enhancement material,
wherein the at least one enhancement material is disposed in
or proximate to each socket, and wherein the at least one
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enhancement material is selected from a group consisting of
transistors, integrated-circuits, semiconductor devices,
inductors, capacitors, resistors, control electronics, drive
electronics, diodes, pulse forming networks, pulse
compressors, pulse transformers, and tuned-circuits.

27. A method for energizing a micro-component in a
light-emitting panel comprising the step of:

providing a first substrate;

disposing a plurality of material layers on the first
substrate, wherein each material layer of the plurality of
material layers comprises an aperture, and wherein the
step of disposing the plurality of material layers com-
prises the steps of
aligning the apertures of each material layer so that
when the plurality of material layers are disposed on
the first substrate the apertures from a cavity, and
disposing at least one electrode on or within the mate-
rial layers;
at least partially disposing at least one micro-components
in the cavity, such that the at least one micro-
component is in electrical contact with the at least one
electrode; and

providing a voltage to at least two electrodes causing the

at least one micro-component to emit radiation.

28. The method of claim 27, further comprising the step
of disposing at least one enhancement material on or within
the plurality of material layers and wherein the at least one
enhancement material is selected from a group consisting of
transistors, integrated-circuits, semiconductor devices,
inductors, capacitors, resistors, control electronics, drive
electronics, diodes, pulse forming networks, pulse
compressors, pulse transformers, and tuned-circuits.

29. A method for energizing a micro-component in a
light-emitting panel, comprising the steps of:

forming a first substrate by disposing a plurality of

material layers, wherein the step of disposing the

plurality of material layers comprises the steps of

(a) disposing a first address electrode between a first
material layer and a second material layer, and

(b) disposing a first sustain electrode and a second
sustain electrode between the second material layer
and a third material layer;

selectively removing a portion of the material layers to

form a cavity;

at least partially disposing at least one micro-components

in the cavity, such that the at least one micro-
component is in electrical contact with the at least one
electrode; and

providing a voltage to at least two electrodes causing the

at least one micro-component to emit radiation.

30. A method for energizing a micro-component in a
light-emitting panel, comprising the steps of:

forming a first substrate by disposing a plurality of

material layers, wherein the step of disposing the

plurality of material layers comprises the steps of

(a) disposing a first sustain electrode between a first
material layer and a second material layer;

(b) disposing a first address electrode between the
second material layer and a third material layer; and

(c) disposing a second sustain electrode between the
third material layer and a fourth material layer;

selectively removing a portion of the material layers to

form a cavity;

at least partially disposing at least one micro-components

in the cavity, such that the at least one micro-
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component is in electrical contact with the at least one
electrode; and

providing a voltage to at least two electrodes causing the
at least one micro-component to emit radiation.
31. A method for energizing a micro-component in a
light-emitting panel, comprising the steps of:
forming a first substrate by disposing a plurality of
material layers, wherein the step of disposing the
plurality of material layers comprises the steps of
(a) disposing a first sustain electrode between a first
material layer and a second material layer,
(b) disposing a first address electrode between the
second material layer and a third material layer,
(c) disposing a second address electrode between the
third material layer and a fourth material layer, and
(d) disposing a second sustain electrode between the
fourth material layer and a fifth material layer;
selectively removing a portion of the material layers to
form a cavity;
at least partially disposing at least one micro-components
in the cavity, such that the at least one micro-
component is in electrical contact with the at least one
electrode; and
providing a voltage to at least two electrodes causing the
at least one micro-component to emit radiation.
32. A method for energizing a micro-component in a
light-emitting panel comprising the steps of:
providing a first substrate;
patterning a cavity in the first substrate;

disposing a plurality of material layers on the first sub-
strate so that the plurality of material layers conform to
the shape of the cavity, wherein the step of disposing
the plurality of material layers comprises the steps of
(a) disposing a first address electrode between the first
substrate and a first material layer, and
(b) disposing a first sustain electrode and a second
sustain electrode between the first material layer and
a second material layer;
at least partially disposing at least at least one micro-
components in the cavity, such that the at least one
micro-component is in electrical contact with the at
least one electrode; and
providing a voltage to at least two electrodes causing the
at least one micro-component to emit radiation.
33. A method for energizing a micro-component in a
light-emitting panel comprising the steps of:
providing a first substrate;
patterning a cavity in the first substrate;
disposing a plurality of material layers on the first sub-
strate so that the plurality of material layers conform to
the shape of the cavity, wherein the step of disposing
the plurality of material layers comprises the steps of
(a) disposing a first sustain electrode between the first
substrate and a first material layer,
(b) disposing a first address electrode between the first
material layer and a second material layer, and
(c) disposing a second sustain electrode between the
second material layer and a third material layer;
at least partially disposing at least at least one micro-
components in the cavity, such that the at least one
micro-component is in electrical contact with the at
least one electrode; and
providing a voltage to at least two electrodes causing the
at least one micro-component to emit radiation.
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34. A method for energizing a micro-component in a
light-emitting panel comprising the steps of:

providing a first substrate;
patterning a cavity in the first substrate;

disposing a plurality of material layers on the first sub-

strate so that the plurality of material layers conform to

the shape of the cavity, wherein the step of disposing

the plurality of material layers comprises the steps of

(a) disposing a first sustain electrode between the first
substrate and a first material layer,

(b) disposing a first address electrode between the first
material layer and a second material layer,

(c) disposing a second address electrode between the
second material layer and a third material layer, and

(d) disposing a second sustain electrode between the
third material layer and a fourth material layer;

at least partially disposing at least at least one micro-
components in the cavity, such that the at least one
micro-component is in electrical contact with the at
least one electrode; and

providing a voltage to at least two electrodes causing the
at least one micro-component to emit radiation.
35. A method for energizing a micro-component in a
light-emitting panel comprising the steps of:

providing a first substrate;

disposing a plurality of material layers on the first
substrate, wherein each material layer of the plurality of
material layers comprises an aperture, and wherein the
step of disposing the plurality of material layers com-
prises the steps of
(a) disposing a first address electrode between a first
material layer and a second material layer, and
(b) disposing a first sustain electrode and a second
sustain electrode between the second material layer
and a third material layer;
aligning the apertures of each material layer so that
when the plurality of material layers are disposed on
the first substrate the apertures for a cavity, and
disposing at least one electrode on or within the mate-
rial layers;
at least partially disposing at least one micro-components
in the cavity, such that the at least one micro-
component is in electrical contact with the at least one
electrode; and

providing a voltage to at least two electrodes causing the
at least one micro-component to emit radiation.
36. A method for energizing a micro-component in a
light-emitting panel comprising the steps of:
providing a first substrate;
disposing a plurality of material layers on the first
substrate, wherein each material layer of the plurality of
material layers comprises an aperture, and wherein the
step of disposing the plurality of material layers com-
prises the steps of
(a) disposing a first sustain electrode between a first
material layer and a second material layer;
(b) disposing a first address electrode between the
second material layer and a third material layer; and
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(c) disposing a second sustain electrode between the
third material layer and a fourth material layer;
aligning the apertures of each material layer so that
when the plurality of material layers are disposed on
the first substrate the apertures for a cavity, and
disposing at least one electrode on or within the
material layers;
at least partially disposing at least one micro-components
in the cavity, such that the at least one micro-
component is in electrical contact with the at least one
electrode; and
providing a voltage to at least two electrodes causing the
at least one micro-component to emit radiation.
37. A method for energizing a micro-component in a
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providing a first substrate;

disposing a plurality of material layers on the first
substrate, wherein each material layer of the plurality of
material layers comprises an aperture, and wherein the
step of disposing the plurality of material layers com-
prises the steps of
(a) disposing a first sustain electrode between a first

material layer and a second material layer,

(b) disposing a first address electrode between the
second material layer and a third material layer,
(c) disposing a second address electrode between the

third material layer and a fourth material layer, and
(d) disposing a second sustain electrode between the
fourth material layer and a fifth material layer;
aligning the apertures of each material layer so that
when the plurality of material layers are disposed on
the first substrate the apertures for a cavity, and
disposing at least one electrode on or within the mate-
rial layers;

at least partially disposing at least one micro-components
in the cavity, such that the at least one micro-
component is in electrical contact with the at least one
electrode; and

providing a voltage to at least two electrodes causing the
at least one micro-component to emit radiation.

38. 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 in the first substrate;

a plurality of micro-components, wherein at least one
micro-component of the plurality of micro-components
is at least partially disposed in each socket; and

at least two electrodes, wherein the at least two electrodes
are adhered to the first substrate, the second substrate or
any combination thereof, so as to be electrically but not
physically contacted to one or more of the plurality of
micro-components, and further 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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METHOD FOR MAKING A LIGHT-
EMITTING PANEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

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 appli-
cation 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.
09/697,346 entitled A Socker for Use in a Light-Emitting
Panel filed Oct. 27, 2000.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is relates 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
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
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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 the
generation of discharges between the addressing conductor
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
particularly difficult to achieve a good seal at the sites where
the electrodes are fed through the ends of the parallel plates.
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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
level, the fabrication process precludes the majority of
individual component parts from being tested until the final
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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
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 one 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 sufficiently large 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, at least
two electrodes are adhered to the first substrate, the second
substrate or any combination thereof.

In another embodiment, at least two electrodes are
arranged so that voltage supplied to the electrodes causes at



US 6,612,889 B1

5

least one micro-component to emit radiation throughout the
field of view of the light-emitting panel without the radiation
crossing the electrodes.

In yet another embodiment, disposed in, or proximate to,
each socket is at least one enhancement material.

Another preferred embodiment of the present invention is
drawn to a web fabrication method for manufacturing light-
emitting panels. In an embodiment, the web fabrication
process includes providing a first substrate, disposing a
plurality of micro-components on the first substrate, dispos-
ing a second substrate on the first substrate so the at the
micro-components are sandwiched between the first and
second substrates, and dicing the first and second substrates
to form individual light-emitting panels. In another
embodiment, the web fabrication method includes the fol-
lowing process steps: a micro-component forming process;
a micro-component coating process; a circuit and electrode
printing process; a patterning process; a micro-component
placement process; an electrode printing process; a second
substrate application and alignment process; and a panel
dicing process.

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. 31 shows an example of a cavity that has a paral-
lelepiped shape.

FIG. 3] 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.
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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.

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.
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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.

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
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
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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 ink jet technology.
One skilled in the art will realize 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. One
skilled in the art would recognize other gasses or gas
mixtures that could also be used. In a color display, accord-
ing 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
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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 ink jet 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
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
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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
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-31J, 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



US 6,612,889 B1

11

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.
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
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 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, con-
trol 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,
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. 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
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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 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, 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 mate-
rial 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
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 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 coatings,
protective coatings, transistors, integrated-circuits, semicon-
ductor 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 enhancement materials may be disposed in, or proximate
to each socket by any transfer process, photolithography,
sputtering, laser deposition, chemical deposition, vapor
deposition, deposition using ink jet technology, or mechani-
cal means. In another embodiment of the present invention,
a method for making a light-emitting panel includes dispos-
ing 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
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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
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
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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
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
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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-
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.
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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
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 web fabrication process for manufacturing a plurality
of light-emitting panels, the process comprising the steps of:

providing a first substrate;

disposing a plurality of micro-components on the first

substrate;

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
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dicing the first substrate and the second substrate to form

individual light-emitting panels.

2. The process of claim 1, wherein the first substrate, the
second substrate or the first substrate and the second sub-
strate are provided as rolls of material.

3. The process of claim 1, wherein the first substrate
comprises a plurality of sockets.

4. The process of claim 1, further comprising the step of
disposing at least two electrodes on the first substrate, the
second substrate, or at least one electrode on each of the first
substrate and the second substrate.

5. The process of claim 4, wherein each light-emitting
panel comprises the at least two electrodes, wherein the 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 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.

6. The process of claim 4, wherein each light-emitting
panel comprises the at least two electrodes and wherein the
two electrodes are arranged so that voltage supplied to the at
least two electrodes causes one or more micro-components
to emit radiation throughout the field of view of the indi-
vidual light-emitting panel without crossing the at least two
electrodes.

7. The process of claim 1, further comprising the steps of
forming a plurality of sockets in the first substrate and
wherein the step of disposing a plurality of micro-
components on the first substrate further comprises at least
partially disposing at least one micro-component of the
plurality of micro-components in each socket of the plurality
of sockets.

8. The process of claim 7, wherein the first substrate
comprises a plurality of material layers and wherein the step
of forming a plurality of sockets in the first substrate
comprises the steps of selectively removing a plurality of
portions of the material layers to form a plurality of cavities.

9. The process of claim 7, wherein the step of forming a
plurality of sockets in the first substrate comprises the steps
of patterning the first substrate with a plurality of cavities.

10. The process of claim 9, further comprising the steps
of disposing at least one material layer on the first substrate
so that the at least one material layer conforms to the shape
of each socket of the plurality of sockets and disposing at
least one electrode between the first substrate and the at least
one material layer.
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11. The process of claim 9, further comprising the steps of
disposing a plurality of material layers on the first substrate
so that the plurality of material layers conform to the shape
of each socket of the plurality of sockets and disposing at
least one electrode within the plurality of material layers.

12. The process of claim 7, wherein the step of providing
a first substrate comprises the step of forming a first sub-
strate by disposing a plurality of material layers and wherein
the step of forming a plurality of sockets in the first substrate
further comprises the step of selectively removing a plurality
of portions of the material layers to form a plurality of
cavities.

13. The process of claim 12, further comprising the step
of disposing at least one electrode on the first substrate, the
second substrate, or the first substrate and the second sub-
strate.

14. The process of claim 13, wherein the at least one
electrode is sandwiched between two material layers of the
plurality of material layers.

15. The process of claim 1, further comprising the step of
disposing at least one enhancement material in, or proximate
to, each socket.

16. The process of claim 15, wherein the at least on
enhancement material is selected from a group consisting of
transistors, integrated-circuits, semiconductor devices,
inductors, capacitors, resistors, control electronics, drive
electronics, diodes, pulse-forming networks, pulse
compressors, pulse transformers, and tuned-circuits.

17. The process of claim 16, wherein the step of disposing
the at least one enhancement material in or proximate to
each socket comprises the steps of:

suspending the at least one enhancement material in

liquid; and

flowing the liquid over the first substrate such that the at

least one enhancement material settles in each socket.

18. The process of claim 16, wherein the sockets are of a
corresponding shape to the at least one enhancement mate-
rial and wherein the at least one enhancement material
self-aligns in each socket.

19. The process of claim 16, further comprising the step
of disposing a plurality of control electronics or drive
electronics on the first substrate, the second substrate, or the
first substrate and the second substrate.

20. The process of claim 16, wherein the web fabrication
process is performed as a continuous high-speed inline
process.
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METHOD FOR TESTING A LIGHT-
EMITTING PANEL AND THE COMPONENTS
THEREIN

CROSS-REFERENCE TO RELATED
APPLICATIONS

The following applications filed on the same date as the
present application are herein incorporated by reference:
U.S. patent application Ser. No. 09/697,346 entitled A
Socket for Use with a Micro-Component in a Light-Emitting
Panel filed Oct. 27, 2000 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. 09/697,345 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 is directed to a light-emitting
display and methods of fabricating the same. The present
invention further relates to a method for testing a light-
emitting display and the components therein.

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, Vy 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
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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
particularly difficult to achieve a good seal at the sites where
the electrodes are fed through the ends of the parallel plates.
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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
level, the fabrication process precludes the majority of
individual component parts from being tested until the final
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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
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 one 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.

According to another embodiment, a method for inline
testing a plurality of light-emitting panels is disclosed. The
method includes manufacturing a plurality of light-emitting
panels in a web fabrication process that includes a plurality
of process steps and component parts, testing a portion of



US 6,620,012 B1

5

one or more light-emitting panels after at least one process
step is performed at least one time, processing data from the
testing to produce at least one result; analyzing the results to
determine whether the result is within acceptable tolerances
and adjusting at least one of the process steps or at least one
component part is the results are not within acceptable
tolerances.

In another embodiment of the present invention, a method
for forming a light-emitting panel includes providing a first
substrate, forming a plurality of cavities on or within the first
substrate, placing at least one micro-component in each
cavity, providing a second substrate opposed to the first
substrate such that at least one micro-component is sand-
wiched between the first and second substrates, disposing at
least two electrodes so that voltage supplied to the at least
two electrodes causes one or more micro-components to
emit radiation; and inline testing at least one of the first
substrate, at least one cavity, at least one micro-component,
at least one electrode, and the second 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 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 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 h