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Abstract:    A CCFL which commonly used in the back 
light units for the LCD, possess very high brightness hence, 
was widely used as a line light source. However, the use of 
CCFL, caused for several environmental concerns since it 
contain highly toxic mercury, gradually replaced into a 
LED. But the LED is a spot light source, the dark area 
occurs in the surface of the back light units. In this paper, 
we proposed the lens that can convert the spot light into the 
line light and it can remove the dark area in the surface of 
the back light units. The lens is composed with the light 
condensation part and the light guiding part. The conditions 
obtained will be helpful to plan an optimum structure for 
such preparation. 

1. Introduction 

The CCFL that possess high brightness, has widely been 
used as a line light source in the back light units. However, 
the CCFL basically based on the mercury operated source 
hence, makes several environment concerns because of 
very high toxicity of mercury. The stringent regulations 
adopted by the EU, dictated to replace the use of CCFL. 
One of the possible alternate may be the LED type sources. 
Indeed, the LED source possess relatively very long life 
time i.e., about 100,000 hours, which is about 10 times 
higher than the CCFL.  
Therefore, the LED light source may be very suitable light 
source for an ‘emergency exit’ with substantially good 
reliability. But the use of LED as the light source for the 
back light, dark areas occurred as shown in fig.1. Hence, to 
overcome the problem one has to cover the dark area with 
black material. This may cause for decrease in effective 
lighting area. 
The present investigation deals to propose an idea that can  

effectively convert the spot light source into the line light 
source.

Figure 1: The positions of the dark area in the surface of 
the back light unit 

2. The structure of the lens 

Fig.2 shows the structure of the proposed lens in this paper. 
This lens has two parts, one is upper structure which has 
curvature and the other is the light guide part which guides 
the light from the LED to the lens part. 
It was made of PMMA (polymethyl methacrylate), i.e, 
optical resin materials that had high transparency and 
reasonable refractive indexes of 1.4. 

The 23rd International Technical Conference on Circuits/Systems,
Computers and Communications (ITC-CSCC 2008)

1145



Figure 2: The structure of the Lens. 

3. Fabrication and measurement 

Three different samples, having different dimensions, 
were arranged. Using these samples, measured the 
characteristics of lights passed through the lenses (cf fig. 3).  
Fig. 3(a) shows the light image of the LED passed through 
the lenses,  means the width of the image that is rertical to 
the lenses and  is the length of the image that parallel to 
the lenses. 

Figure 3: The light characteristics measuring system 

Lens(1) showed the characteristics of the light received 
from the lens which was 4mm length of the a. Lens(2) 
showed the characteristics of the lens which was 7.5mm 
length of the a.  Moreover, lens (3) possessed the result of 
15mm length of the a. These lenses were having same 
dimension of the d that is 6mm length and the C was also 
having same dimension that is 3mm length. 

Figure 4: The light image of the different dimensions of 
the lenses 
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When the lenses were close to screen, the lens(1) which is 
4mm length of the a showed circular like image on the 
screen and the lens(3) showed line like image on the screen. 
When the lenses were moved from the screen, the lens(1) 
showed two circular image on the screen, and the lens(3)  
showed the result that the image was split into several line 
images. 
But the lens (2) showed same images irrespective of the 
distance between the lens and the screen. 

Figure 5: variation of the length and the width of the image 
on the screen.

Fig.5 revealed the variation of the length and the width of 
the image on the screen. By using the lens (2) which was 
7.5mm length of the a. The width of the light image came 
from lens was almost constant by varying the distance from 
lens to screen. These results indicate that a proper 
arrangement of the LED with this lens, one can make a line 
light source like the CCFL. 
Fig.5 also showed that the lens structure to embody the lens 
converting the spot light into the line light must satisfy the 
conditions, i.e., the d is 6mm, the a is more than 4mm and 
lower than 15mm. 
In this case, the length of the light guide was a-c, hence the 
relation of the a, c and d was: 

The d is equal to 2c, and the relation of the a and the c is 

The lens that satisfied the for mula(2) possessed the 
characteristics to convert efficiently the spot light into the 
line light. 

Fig. 6 shows an example of the application of this lens.  

This was compared with the common ones that using only 
LED lamps, without using any kinds of optical devices. 
We can see the dark area in the fig. 7(a) of the common  
back light unit. But there is no dark area in the fig. 7(b) 
using the lens developed in this study. It had even 
brightness uniformity and the brightness characteristics  
was better than that of common ones. 

Figure 6: the back light unit structure using the developed 
lens 

(a) The back light without using the lens 
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(b) The back light adopted the lens 

Figure 7: comparision of the back light units. 

Fig 8 shows the compared results of the brightness 
uniformity 
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Figure 8: The characteristics of the brightness uniformity 

4. Conclusion 

A suitable arrangement has been proposed for the lens 
structure to convert efficiently a spot light source into a line 
light source. 

Such arrangement contained two parts; one was light guide 
part which has the function guiding the light into the lens 
part. 
The other was lens part focusing the light received from the 
light guide part. 
To obtain same light characteristics of the CCFL, the 
following rule has to be satisfied: 
 The lens designed obtained by this condition can be used 
for the LCD back light source that could not have the dark 
area.

Acknowledgments 

This work was supported by grant No. RTI 05-01-02 from 
the Provincial Technology Innovation program of the 
Ministry of Knowledge Economy(MKE). 

References 
[1] SERI ecomonic forcus , 2007.04.24 
[2] Strategies  unlimited , 2006. 2007 
[3] Digital times, 2008 
[4] IT  Soc magazine , 2008. vol. 23. pp.32 
[5] Ogawa sin do “Side light type back light units” patent 

review, 1999. 03. pp.2-4 
[6] Noriyuki Nagai. “ Light Desingn for Backlight of LCD 

by Monte Carlo Simulation” J. Illum. Engng. Inst. Jpn. 
Vol. 82, No.5, 1998. 

[7] J.M. Tedesco, L.A.K. Brady, W. S. Colburn Kaiser 
Optical Systems, 8 

[8] SERI ecomonic forcus , 2007.04.24 
[9] R.Hicks, W. Halstead Lockheed/Sanders, Nashua, NH 

“Debelopment of a New Lamp Technnology for 
Backlight Lcds”, SID 93 DIGEST, pp. 21~24 

[10] M. Anandan, D. C. Ketchum, H. Etlinger Thomas 
Electronics, PAW.N. Carr Microelectronics Center, JIT, 
Newark, NJ “Design of a Multichannel True Fluorescent 
Lamp for Avionic TFT-LCD Backlighting “Inc., 
Middletown, SID 93 DIGEST, pp.25~28. 

1148



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /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 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /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.)
    /JPN <>
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


