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A set of samples of electroluminescent (EL) lamps with ZnS phosphor was fabricated. These
samples were degraded in different working conditions. Next, an attempt to rejuvenate these
structures by annealing was undertaken. Several parameters of investigated structures were
estimated. Then, measurements were performed after fabrication of test samples, their degradation
and annealing. The luminance of the test structures as a function of applied voltage frequency was
measured. Also, the spectrum of light emission before and after the degradation and rejuvenation
processes was investigated. 
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1. Introduction
Copper doped zinc sulphide displays electroluminescent properties. It is used as
a phosphor in thick film light emitting structures. Such electroluminescent structures,
or EL lamps, are employed as a backlight for liquid crystal displays in portable
electronic devices, such as cell phones, notebooks, PDAs, etc. EL lamps are also used
as a backlight for instrument panels in cars and airplanes. Such structures may be
employed as a source of light in nightlights and decorative elements (for example
decorations made from electroluminescent wire). In the advertising industry, EL lamps
are also put into service in light emitting elements of billboard advertisements [1].

Unfortunately, such structures are prone to degradation and have a limited lifetime.
In order to increase the lifetime of EL lamps, we had to investigate how certain factors
influence the process of degradation and how this process can be reversed.

2. Thick film EL lamps
Typical EL lamps are fabricated as multilayer thick film structures (Fig. 1). A layer of
phosphor, for example copper doped zinc sulfide, is placed in between two layers of
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conductive materials, which makes this structure similar to a simple parallel-plate
capacitor. Usually EL lamp structures consist of 4 layers: a layer of transparent
conductive material, e.g. ITO, a layer of phosphor (Fig. 2), a layer of dielectric and
a layer of metallic conductor, e.g. silver. The layer of transparent conductor is
fabricated on a transparent substrate. 

3. Test structures
The test structures were prepared at the Institute of Electron Technology, Division in
Cracow. A set of DuPont Luxprint inks, designed to fabricate electroluminescent
thick film structures, was utilized to prepare the test structures. A Luxprint 8152B
ZnS:Cu based ink was applied to produce an electroluminescent layer on ITO covered
transparent polymer substrate. Conductive electrodes were screen printed with the use
of silver based ink. Both pastes were cured by drying at 130 °C for 30 minutes in
a box oven.

An investigation into the degradation and rejuvenation of thick film EL lamps was
undertaken. For this purpose, three sets of test structures were fabricated:

– Set A: used as a reference, with no special treatment after fabrication;
– Set B: a 100 V, 400 Hz square-wave voltage was applied to these structures, for

a time span of about 1500 hours. These structures worked in the temperature of 25 °C
and humidity of 60%;
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Fig. 1. Cross-section of a thick film electroluminescent lamp.

Fig. 2. SEM picture of ZnS:Cu powder, used in
fabrication of EL thick-film structures.
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– Set C: structures of this set worked in the temperature of 40 °C and humidity of
95% for 300 hours. A 100 V, 400 Hz square-wave voltage was used to drive these
structures.

4. Degradation

Several mechanisms of degradation of EL phosphors have been discussed in Ref. [2].
Most often it is suggested that the degradation process involves S vacancy or dopant
diffusion in ZnS lattice [3, 4]. Some authors suggest that the mechanism that lowers
the efficiency of electron/hole injection may be of importance [5].

A set of measurements of luminance as a function of frequency was performed.
These measurements were used to evaluate the influence of degradation on light
emission. Also the spectrum of light emission before and after the degradation process
was investigated.

In Figure 3 the luminance of samples from the sets A and B as a function of
frequency is shown. This characteristic is shown for square-wave excitation of
an amplitude of 100 volts. A similar characteristic, for the sets A and C, is also shown
in Fig. 3. 

Fig. 3. Luminance as a function of frequency for samples from sets A, B and C, for a 100 V square-wave
excitation.

Fig. 4. Luminance of sets B and C of samples, relative to the luminance of set A, as a function of frequency,
for a 100 V square-wave excitation.
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In Figure 4 changes in luminance after the degradation, relative to the reference
luminance, are shown. After 1500 hours of work (set B), the luminance of EL structures
dropped to 30% from the initial 45%. The higher is the frequency, the stronger are
the effects of degradation. In case of degradation (in elevated temperature and humidity
(set C) and after 300 hours), the luminance dropped to 60% from the initial 70%. For
samples from the set C, the effects of degradation are the strongest for the frequency
of 5 kHz.

The spectrum of light emission, before and after the degradation of test structures,
is shown in Fig. 5a. The process of degradation causes a decrease in light emission.
As it is shown in Fig. 5b, there are no changes in the shape of the spectrum, therefore
this decrease is constant as a function of wavelength.

5. Rejuvenation

Annealing of degraded electroluminescent thick film structures can rejuvenate the ZnS
phosphors. An attempt to rejuvenate the test structures was undertaken. It was found
that annealing at 130 °C for 2 hours gave the best results. Lower temperatures and

Fig. 5. Spectrum of light emission (a) and normalized spectrum of light emission (b), for a 100 V, 2 kHz
square-wave excitation.

a b

Fig. 6. Luminance of set B (a) and set C (b) samples, relative to luminance of set A, as a function
of frequency, for a 100 V square-wave excitation.

a b
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shorter times did not give satisfactory results and temperatures higher than 130 °C
damaged the test samples.

For samples from the set B, annealing allowed to increase the luminance from
about 45% to 70% of the initial value for the lower frequency of 100 Hz and from 30%
to 50% for 20 kHz (Fig. 6a). In case of samples from the set C (Fig. 6b), the increase
was from 70% to 85% for 100 Hz. There was no increase observed for 20 kHz.

Rejuvenation caused an increase in the spectrum of light emission (Fig. 7) but did
not change the shape of the spectrum (Fig. 8). 

6. Summary

On the basis of the research work performed it can be concluded that:
– Annealing of degraded electroluminescent thick film structures allowed to

rejuvenate these structures;
– The increase in luminance of the rejuvenated structures did not reach 100% of

the initial value;

Fig. 7. Spectrum of light emission of set B (a) and set C (b) samples, for a 100 V, 2 kHz square-wave
excitation.

a b

Fig. 8. Normalized spectrum of light emission of set B (a) and set C (b) samples, for a 100 V, 2 kHz
square-wave excitation.

a b
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– Further research is required to better understand the mechanism of rejuvenation
and to investigate whether the multiple cycles of degradation and rejuvenation are
possible.

References
[1] CIEŻ M., Wpływ czynników konstrukcyjno technologicznych na luminancję i procesy starzeniowe

w strukturach elektroluminescencyjnych z grubą warstwą luminoforu, PhD Thesis, AGH University
of Science and Technology, Kraków, Poland, 2006 (in Polish).

[2] STANLEY J., YU JIANG, BRIDGES F., CARTER S.A., RUHLEN L., Degradation and rejuvenation studies
of AC electroluminescent ZnS:Cu,Cl phosphors, Journal of Physics: Condensed Matter 22(5), 2010,
p. 055301.

[3] HIRABAYASHI K., KOZAWAGUCHI H., TSUJIYAMA B., Study on A-C powder EL phosphor deterioration
factors, Journal of The Electrochemical Society 130(11), 1983, pp. 2259–2263.

[4] LEHMANN W., Hyper-maintenance of electroluminescence, Journal of The Electrochemical Society
113(1), 1966, pp. 40–42.

[5] FISCHER A.G., Electroluminescent lines in ZnS powder particles, Journal of The Electrochemical
Society 110(7), 1963, pp. 733–748.

Received September 25, 2010



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


