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Abstract

A new estimation method for image sticking has been developed
that can effectively eliminate the influence by the difference in
long-range non-uniformity pattern. An 8x8 chessboard pattern
was used for selective degradation, and normalization based on
extracted reference and coefficient of variation were adopted for
better resullts.

1. Introduction

Image sticking, which makes the lifetime of a display device
shorter than that of a light emitting device, has become a critical
issue in the development of active matrix organic light emitting
diode (AMOLED) displays. Usually the image sticking originates
from non-uniform degradation of the light emitting devices and
may be prohibited by maintaining the luminance uniformity of a
fresh display device even after prolonged and repeated usage of
that device. Techniques for reducing degradation speed of an
OLED and for restoring luminance uniformity through
compensation are under study [1], and they need quantitative
evaluation through appropriate estimation of the image sticking.

Among published estimation methods for image sticking is image
sticking value (ISV) [2-3], which takes a long-range non-
uniformity (LRNU) of luminance into consideration and utilizes a
chessboard pattern, such as Fig. 1, for generating image sticking
through degradation. Luminance of each rectangle constituting the
chessboard pattern is measured for a gray level before (initial
luminance, IL) and after (measured luminance, ML) the
degradation. To remove the influence of the LRNU, which does
not affect image sticking, on the estimate, the ML is normalized
by dividing it by the IL [2] or by subtracting the IL from it [3].
The ISV is defined in terms of the normalized luminance (NL) as

ISV =1-NL, /NL,, , 1)
where NL,;, means its minimum and NL,,, does its maximum [2-

3]. However, the ISV is not suitable for the techniques to relieve
image sticking by restoring luminance uniformity. These

Figure 1. An 8x8 chessboard pattern which is used for
aging.
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techniques are liable to change the LRNU pattern of luminance.
Because the LRNU-removal process relies on the initial
luminance, the ISV is vulnerable to the change in LRNU pattern.

2. Proposed Estimation Method

To assess an image sticking without regard to the change in
LRNU pattern, we have developed a new estimate, extracted
image sticking value (EISV) for which the ML is normalized by
dividing it by an extracted reference (ER). The ER is obtained on
the assumption that black rectangles of the chessboard pattern
reflect the LRNU pattern of a whole display since only white
rectangles are stressed during the degradation process. ML of a
black rectangle becomes an ER of that rectangle, and an averaged
ML of the black rectangles adjacent to a white rectangle is defined
as an ER of the white rectangle. All the ER values are scaled after
extraction so that the average of them equals the average of the
ML values. In our experiment, normalization through division or
subtraction made no significant difference when the LRNU
pattern was removed with the extracted reference.

In addition, we have found that a quantity based on the standard
deviation and average is better suited for the image sticking
evaluation than a quantity based on the minimum and maximum.
Hence the EISV is defined as

EISV = oy /1y 2

where c,; means the standard deviation of NL and p,; does the
average. The EISV is the coefficient of variation [4] of the
normalized luminance obtained using the extracted reference
luminance.

3. Experimental Results
The proposed estimation method has been successfully applied to
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Figure 2. Full-white images obtained after 4 hours’
degradation with an 8x8 chessboard pattern: (a) an image
under a conventional digital driving [image A], (b) an
image with negligible long-range non-uniformity (LRNU)
[image B], and (c¢) an image with negligible measured-
luminance difference between adjacent rectangles [image
Cl.
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Figure 3. Measured luminance values of each rectangles
in images A, B and C. Arbitrary unit (a.u.) is used
because the area of a single rectangle was smaller than
the area required for reading an absolute luminance
value in Cd/m* without causing zero-point shift of the
spectroradiometer used in measurement. Each rectangle
has a pixel number defined as 8 x (row number) +
(column number).

the evaluation of a driving method to relieve image sticking on an
AMOLED display. It has reflected the degree of image sticking
effectively during the evaluation.
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Figure 4. (a) Initial luminance values measured before
aging and (b) extracted reference luminance values.
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Figure 2 shows full-white images obtained from a green-colored
AMOLED test cell in a size of 13.2x13.2mm? after 4 hours’
degradation with an 8x8 chessboard pattern of Fig. 1. Measured
luminance values of each rectangle constituting the chessboard
pattern are also shown in Fig. 3.

The test cell in Fig. 2(a), image A, is under a conventional digital
driving, and the ML’s have a much difference between adjacent
rectangles. A significant LRNU of luminance also exists. The
LRNU is almost removed in Fig. 2(b), image B, and the ML
difference between adjacent rectangles is reduced small. This is
achieved by a compensation method that controls a supply voltage
and a voltage drop across a driving thin film transistor (TFT) and
that makes the OLED current uniform [5]. On the other hand, the
LRNU remains significant in Fig. 1(c), image C, but the ML
difference between adjacent rectangles is negligible. This image
was obtained by manual adjustment of data voltage.

In contrast to the initial luminance values in Fig. 4(a), each set of
extracted reference luminance values in Fig. 4(b), obtained by
following the proposed extraction method, appropriately
represents the LRNU pattern of the corresponding image.

Normalized luminance values obtained using the initial luminance
values and using the extracted reference luminance values are
shown in Fig. 5. The more difference between ML’s of adjacent
rectangles in the image A than in the image B is more effectively
represented by the normalization using the extracted reference
than by the normalization using the initial luminance.
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Figure 5. Normalized luminance values obtained (a) using

the initial luminance values and (b) using the extracted
reference luminance values.
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Figure 6. Quantitative estimates of image sticking (IS).
Extracted image sticking value (EISV) of this work
effectively reflects the degree of image sticking in Fig. 1.

As shown in Fig. 6, the normalized luminance based on extracted
reference (NLE) is preferred to the normalized luminance based
on initial luminance (NLI) when there is a significant change in
the LRNU of luminance. The ISV of Fig. 2(b) is larger than that
of Fig. 2(a). Moreover, adoption of the coefficient of variation
enhances the reflection of the degree of image sticking. Among
the various estimates in Fig. 6, only EISV is smaller for Fig. 2(c)
than for Fig. 2(b). Estimates from ML values show the
significance of appropriate reference values in normalization. If
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the reference values are not appropriate, a normalization using
them produces worse results as those obtained with the initial
luminance values for the images A and B.

4. Conclusions

We have developed a new estimation method for image sticking,
called extracted image sticking value (EISV), that can effectively
eliminate the influence by the difference in long-range non-
uniformity (LRNU) pattern. Using the EISV, we could evaluate
the image sticking on an AMOLED test cell without regard to the
change of the LRNU pattern.

5. References

[1] Y. Matsueda, D.-Y. Shin, and H.-K. Chung, “AMOLED
Technologies for Uniform Image and Sufficient Lifetime of
Image Sticking,” 3.3, SID 08 Digest, pp.9-12, 2008.

[2] D.-G. Lee, L-H. Kim, H.-S Soh, and B. C. Ann, “A
Measurement and Analysis Method of Image Sticking in
LCD,” P-33, SID 02 Digest, pp.324-327, 2002.

[3] S.-C. Park, K.-H. Lim, S.-H. Choi, and H.-S. Soh,
“Quantitative Analysis of Image Sticking in LCDs,” 20.3,
SID 07 Digest, pp.1042-1045, 2007.

[4] T.T. Soong, “Fundamentals of Probability and Statistics for
Engineers,” John Wiley & Sons, England, p.81, 2004.

[5] D.-Y. Shin, J.-K. Woo, Y. Hong, S. Kim, K.-N. Kim, and H.-
D. Kim, “A New Hybrid Analog-Digital Driving Method to
Improve AMOLED Lifetime,” SID 08 Digest, pp.1196-1199,
2008.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 1
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 2.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /Unknown

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


