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Plasma Display Panels

PLASMA SALE:  We see this more and more on store signs and in ads promoting large-screen, flat-panel plasma TVs.
The flat plasma display is a major competitor among several flat panel display technologies – all vying for the poten-
tially enormous High Definition TV market.

For many people, the word “Plasma” has
come to mean only display screens.  As
impressive as those displays are, the word
refers much more generally to a special
state of matter that resides not only inside
those display panels, producing their light
and images, but also in many other

devices we use every day.  In some cases plasma is part of a
product’s manufacturing process. In addition, plasmas fill much of
our surrounding universe. A plasma is a gas containing a large
number of electrically charged particles, both negatively-charged
electrons and positively-charged atoms, called ions. In most
plasmas, including those in the plasma display panel, there also
remains a large number of uncharged particles (called the
“background gas”). The plasma in a display panel is much like the
plasma in another familiar device, the fluorescent lamp.

A plasma display panel (PDP) is essentially a collection of very small fluorescent-type lamps, each a few tenths of a
millimeter in size. If we look closely, it is easy to distinguish the individual PDP cells – the tiny color elements of red, green
and blue light that together form what is called a pixel.  As in a fluorescent lamp, the light we see does not come from the
plasma directly, but rather from the phosphor coatings on the inside walls of the cells when they are exposed to ultraviolet
(UV) radiation emitted by the plasma.  Because each cell emits its own light, a plasma display panel is called an “emissive
display.”  This contrasts with the familiar liquid crystal display (LCD), a type of flat display in which the light comes from
a lamp (actually a plasma lamp!) behind the liquid crystal, which has arrays of small switches controlling where light is
allowed to pass through.

All plasmas require a source of energy. As in fluorescent lamps, the plasma in a PDP is produced by applying a voltage
across a gap that contains gas. The plasmas used in PDPs are considered "cold" plasmas in the sense that the background
gas stays relatively cold while the electrons (and ions) in the plasma are heated by the applied voltage. When the hot
electrons collide with the background gas atoms and transfer energy to them, many of those atoms respond by emitting
UV radiation. The operating conditions of the display (gas composition, pressure, voltage, geometry, etc.) represent a
compromise, taking into account performance requirements such as low voltage operation, long life, high brightness and
high contrast.

The plasma display itself is a simple device consisting of two parallel glass plates separated by a precise spacing of some
tenths of a millimeter and sealed around the edges.  The space between the plates is filled with a mixture of rare gases at
a pressure somewhat less than one atmosphere.  Parallel stripes of transparent conducting material with a width of about
a tenth of a millimeter are deposited on each plate, with the stripes on one plate perpendicular to those on the other.
These stripes are the "electrodes" to which voltages are applied.  The intersections of the rows of electrodes on one side
and the columns of electrodes on the opposite glass plate define the individual color elements – or cells – of a PDP.  For

Continued on back

Page Left: An early 16x16 cell monochrome PDP (one-
half inch on a side) from the University of Illinois in
1967. Above: Today's PDP with up to 80" diagonal
screens and millions of individual color elements.
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high quality color images it is important to keep the UV radiation from
passing between cells.  To isolate the individual cells barriers are created
on the inside surface of one of the plates before sealing. Troughs,
honeycomb-like structures and other shapes have been used.  The red,
green and blue phosphors are deposited inside these structures.

An important feature of PDPs is that the plasma in each individual cell
can be turned on and off rapidly enough to produce a high quality
moving picture. (To help turn the individual cells on and off, there are
actually two electrodes on one side and a third electrode on the opposite
side of each cell.) Switching the cells on and off cheaply and efficiently
is now possible because of advances over the past 20 years in the minia-
turization and efficiency of electronics.  

A commercial panel consists of several million cells which have to be switched at a rate that will create 60 TV picture
frames per second.  A computer translates an image into a sequence of On and Off voltage pulses which are applied to the
electrode arrays line by line and row by row to select individual cells.  Such control is possible because the plasma is fast
and can respond to the voltage pulses in a millionth of a second. The complexity increases significantly when we consider
that each small picture element, or pixel, consists of three color cells, and each color cell can display 256 intensity levels.
Thus each pixel can display over 16.7 million (or, more exactly, 256x256x256) colors.  Variation in light intensity from a
particular cell is not accomplished by changing the
voltage or the current through the cell.  Rather, it is
achieved by changing the length of time that the cell is
ON during one TV frame.  Since the eye response is
slower than the TV picture frequency, it perceives
different colors depending on how long each cell is ON.
Each company has made its own contribution to the
switching systems to improve efficiency, speed and
performance.

Many years of research and development as well as major advances in electronics and manufacturing techniques have led
to the plasma display panels we see on the market today.  The plasma display panel itself was invented in 1964 by
researchers at the University of Illinois, with the first PDPs being single-color (or “monochrome”) displays.  Research on
multi-color PDPs was going strong in the 1980's, and the first commercially available color displays appeared in the late
1990’s.  It is now possible to manufacture PDPs with diagonals as large as 80 inches and with a thickness of only 3 to 4
inches.  Considerable progress has also been made recently to reduce the power consumption and increase the efficiency
and life-time of PDPs. 

Large screens, excellent image quality and brightness, and greater than 160° viewing angle characterize today's plasma
panels, which are perfectly flat and perform well even in bright environments. Long-term commercial success of the PDP
now lies in the manufacturers' ability to produce low cost displays.  Significant reductions in costs have been realized over
the last few years, and new PDP designs and processes are being introduced all the time, continuing to reduce production
costs.  The PDP is sure to be one of the predominant large-format displays of the future.

Text: Leanne Pitchford, Centre de Physique des Plasmas et de leurs Applications de Toulouse (CPAT), Toulouse, France; Jean-Pierre Boeuf, CPAT. 
Editors: Paul Rivenberg, Gerald Rogoff
Images: Used with permission. University of Illinois at Urbana-Champaign/monochrome pixel array built by R.L. Johnson; Plasmaco/Matsushita; Larry
Weber; Society for Information Display [Sato, Amemiya and Uchidoi, Journal of the SID, vol 10, p 17 (2002).]

References and Suggested Reading:
There are many good articles on plasma TVs in popular magazines.  For a more technical description of some the physics issues, see Weber, L. F., “Color Plasma Displays,”
in The Electrical Engineering Handbook, edited by Richard C. Dorf, (CRC Press, Boca Raton, Florida, 1997), pp. 1939-1950; and the review article "Plasma display panels:
physics, recent developments and key issues", by J.-P. Boeuf in Journal of Physics D: Applied Physics 36 (2003) R53-R79.

Examples of the barriers that isolate each cell.  The distance
between the walls of each cell is a couple hundred micrometers
– or about ten times the diameter of a human hair.  
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Schematic of a plasma display pixel.  In reality
the front and back electrodes run perpendicular
to each other rather than parallel.

Phosphor (green) Phosphor (blue)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


