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Abstract 
A series of microcavity plasma devices having various 
electrode geometries were investigated for the display 
and lighting applications. Addressable, self-assembled 
Al/Al2O3 electrodes were fabricated in a thin, flexible 
single sheet of Al foil. And, enhanced luminance and 
efficient microplasmas are achieved by precise control of 
the cross-sectional geometry and surface morphology of 
the cavities within the microplasma devices. New 
microdischarge system fabricated in various substrates 
will be introduced. 

 
 

1. Introduction 
 

Conceived as an alternative discharge structure of 
plasma display pixels, microcavity plasma devices 
have demonstrated unique optical and electrical 
discharge properties by confining microplasma in a 
microcavity spatial dimension as small as a few 
microns.1,2 Because microplasma devices offer high 
resolution and contrast characteristics based on their 
various form factors, this technology is especially 
promising for high definition plasma displays. 
Amenability to mass production owing to a wet 
chemical process, low manufacturing cost, cost saving 
in electrode materials, and robust device structure are 
factors that make this device technology of particular 
interest for further development.  

This presentation reports recent progress in the 
microplasma device development, and their 
performances as potential display pixels and lighting 
panels. Precise control of the cavity profile and 
surface morphology in Al/Al2O3 microcavity electrode,  
and formation of microchannel arrays in single sheet 
of aluminum foil have achieved with a sequence of 

wet electrochemical processes.  
 
 

2. Al/Al2O3 Electrode Having Parabolic 
Microcavity Geometry 
 
  Recently, we demonstrated the capability for 
electrochemically machining microcavities in 
nanostructured alumina (Al2O3) and, at the same time, 
automatically patterning electrodes3. Starting from 
standard Al foil, this process is inexpensive, readily 
scalable in area, and has resulted in the reproducible 
fabrication of as many as 104 microcavity devices 
(with emitting apertures of 50 µm) in an active area of 
15 cm2. This processing sequence allows for the 
cavity cross-sectional profile to be varied 
continuously from a linear taper to parabolic, while 
controlling all dimensions to within ± 2 %4. 
Aluminum electrodes produced by this process are 
buried in nanoporous Al2O3, encompass each 
microcavity, and the inner surface of every electrode 
is conformal to the profile of the Al2O3 microcavity 
wall. Figure 1 displays two images of parabolic cross-
sectional microcavities fabricated in the manner 
described above. Upper left of the figure is an SEM 
image of a cross section of a Al2O3 cavity with upper 
and lower apertures 150 µm and 100 µm in diameter, 
respectively. Virtually all of the original Al foil (127 
µm thick in this case) has been converted into Al2O3 
in the final anodization process but the microcavity 
surface contour has been accurately preserved. A 
magnified, cross-sectional view of the region between 
two adjacent microcavities in a linear array of 
microplasma devices is presented by the SEM in the 
upper right of Fig. 1. At the center of this electron 
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Fig. 1. Scanning electron micrographs (SEMs) of Al2O3 
microcavities with parabolic cross-sections and buried, 
conformal Al electrodes: (Top) Cross-sectional SEM of a 
cavities with emitting (upper) and lower apertures of 150 
µm and 100 µm, respectively, in diameter. The ring Al 
electrode, separated from the microcavity by a ~17 µm 
thick layer of nanoporous Al2O3 and having an inner 
surface with the same profile as the microcavity itself, is 
also visible. The emitting aperture for a second microcavity 
can also be seen in the background; (Top Right) Magnified 
view of the region between two adjacent microcavities, 
illustrating the union of the electrodes for the cavities. The 
profile of the buried Al electrode surface facing the 
microcavity at right is represented by the dashed white 
curve. (Bottom) Diagram of microplasma device having 
vertically aligned double cavities. 
 
micrograph is a segment of the buried Al electrode 
that serves both microcavities. This structure is 
formed by the intersection of the ring electrodes 
encircling the neighboring cavities. The arrays having 
a double cavity design, as shown in lower half of Fig. 
1, consists of two bonded sheets of parabolic 
microcavity arrays have been fabricated, and each of 
them serves as an electrode for the completed array, 
and their associated interconnect networks. The lower 
sheet was fabricated with cavities reduced in size 
relative to those in the top sheet. Specifically, the 
diameter (d) of the emitting aperture for the cavities in 
the lower array was chosen to match the lower 
opening in the upper sheet. Figure 2 shows a result of 
measurement, with a calibrated spectroradiometer, of 
the green luminance generated by 200 × 100 arrays of 
double microcavity devices with Ne/10%-67% Xe 
mixtures. A ~10 µm thick film of commercial green  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Luminance measured from 200 × 100 arrays of 
Al/Al2O3 microcavity plasma devices in various Ne/Xe 
mixtures.  
 
phosphor, coated onto a glass window, was mounted 
directly onto the array throughout these experiments.  
We note that Xe/Ne mixtures with a Xe content of 
67% operate stably in these microcavity arrays, and 
the green luminance produced by a ~10 µm thick film 
of phosphor rises well above the values measured for 
mixtures with lower Xe concentrations. Arrays of 
double cavity devices are exhibiting luminance values 
above 1800 cd/m2 for Ne/30% Xe mixtures and 20 
kHz driving voltages of ~262 V (RMS). From the 
measurement of characteristics of devices having 
different microcavity shapes, observations indicate 
that the optical and electrical performance of these 
arrays is dependent upon the microcavity sidewall 
profile. “Bowlshaped” cavities, for example, exhibit 
lower capacitance than that characteristic of 
cylindrical cavities. 
 
 
3. Microchannel Plasma Device 
 

We have been fabricated an arrays of microcavity 
plasma devices in which all electrodes and electrical 
connections are fabricated in a single sheet of 
aluminum foil by a wet chemical process. With this 
concept, the entire system (microcavities, electrodes, 
and interconnects) is produced in one sheet of foil, 
thereby eliminating the need to precisely align two 
separate sheets. The precise alignment of electrodes 
and interconnects relative to the microcavities is 
accomplished by a series of steps in a wet chemical 
environment. Figure 3 is a cross-sectional diagram of 
a simple lamp structure that is one of those realized to  
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Fig. 3. Cross-sectional diagram of microchannel array 
structure with electrodes fully integrated into one sheet. 
 
 
date. An array of microchannels is powered by a  
corresponding array of electrodes that are not 
inherently connected electrically. And also each 
electrodes are aligned vertically with the dielectric 
(Al2O3) barriers lying between two neighboring 
microcavities. This structure allows one to drive a 
microplasma in each microcavity by applying a voltage 
between any two adjacent Al electrodes. Figure 4 is a 
photograph of an array of microchannel plasma 
devices operating in several hundred Torr of Ne. 
Notice that two microchannels have not been 
addressed and are not ignited. This is an ideal 
approach to generating stable, uniform plasmas over 
large areas and appears ideally-suited for lighting. For 
this particular array, the channel width is ~ 100 µm 
and the length of the channels is 7 cm. This structure 
can be used with versatile functionality such as active 
sustain discharge system or barrier ribs by simply 
changing the position of electrode in the structure.  
In particular, the Al electrodes formed in this structure 
are not flat, but rather are tapered at the edges. This 
tapering is serendipitous for us because edge effects 
are minimized, thereby lowering the possibility for  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Photograph of an array of microchannel plasmas in 
which each microchannel is addressable. Notice that the 
driving voltage is applied between two adjacent electrodes. 
 

 
electrical breakdown of the dielectric and damaging of 
the arrays. 
 
 
4. Microplasma Devices for Lighting Application 
 
  Recently, demands for the next generation lighting 
sources having higher efficiency and a low carbon 
footprint has soared. To that end, we have pursued the 
development and commercialization of microplasma 
arrays capable of producing visible emission with 
high luminous efficacy. Microplasma technology for 
lighting sources5,6 has recently advanced to the point 
of yield thin planar lamps having active areas of at 
least 200 cm2 and producing a white luminance above 
17000 cd/m2.  
  This new lighting technology is lightweight, below a 
few mm in thickness, and offers considerable 
versatility with respect to form factor. In addition to 
producing light levels, suitable for illumination 
applications, microplasma arrays provide an 
environment-friendly (non-toxic and fully recyclable), 
mercury-free, cost effective lighting source having an 
expected lifetime of tens of thousands of hours. The 
technical development of flat lights sources based on 
microplasma technology and the device performance 
of various microcavity structures which can generate 
unique form factors for the future lighting applications 
will be presented. 
 

 
Fig. 5. A photograph of 6” × 6” “warm white” microplasma 
lamp having a color temperature (CCT) of 3200K . 
 
 

5. Summary 
 

The performance of arrays of microcavity plasma 
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devices having a parabolic cross-sectional geometry 
has been reported. Precise control of the microcavity 
profile by a sequence of wet chemical processes 
permits the optimization of both the electric field 
variation within the cavity and the optical extraction 
efficiency. The large-scale integration of 
microdischarge devices into the economical and 
highly conductive Al/Al2O3 system has advantageous 
for plasma display and lighting applications. 
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