Application Note: Spartan-3E FPGAs

X X"_INX® Digital Display Panel Reference Design

XAPP928 (v1.1) April 19, 2007 Reference for Spartan-3E Display Development Kit HW-SPAR3E-DISP-DK-UNI-G

Summary Digital displays are a fast-growing market comprising LCD, plasma, and rear projection
television technologies as well as smaller displays for mobile handsets and automobiles, in
addition to many other applications. Digital image processing enhances the overall viewing
aesthetics of the displayed image and can differentiate your product.

Xilinx has developed a reference design IP core based on the Xilinx Spartan™-3E Display
Development Board and intended for display panel applications to assist in developing products
for this market. The display solution FPGA consists of a DVI Input interface, color temperature
correction, precise gamma correction, an image dithering engine, and Low-Voltage Differential
Signaling (LVDS) Transmit (TX) or DVI TX output interface (see Figure 1).

This document describes the Spartan-3E Display Development Board. It also provides details
on the DIP switch settings and detailed resource counts for each of the IP blocks.
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Figure 1: Xilinx Display Panel IP Reference Design Flow
IP Block Table 1 defines the key IP blocks in the Spartan-3E Display Development Board.
Summary Table 1: IP Block Descriptions
Block Name Block Description
DVI Receiver Accepts input video in DVI format
Color Temperature Incoming RGB values of the entire frame are corrected to the user
Correction (CTC) set color temperature

Precise Gamma Correction | Accepts the pixel stream, processes it as per the required gamma
(PGC) value, and sends the modified pixel stream out to the next
processing module

Image Dithering Engine Receives the 3x10-bit gamma corrected pixel stream from the

(IDE) precise gamma correction module and dithers it to 3x8-bit pixel
stream, without losing the video quality

Display Interface Allows the DVI transmitter to directly drive LCD modules with LVDS
interfaces
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IP Block Summary X XILINX®

User Switch and Push Button Settings

The switch settings in this document refer to the User Set DIP Switch block on the Spartan-3E
Display Development Board (see Figure 2).
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Figure 2: Display Development Board Switch Settings

Table 2: User DIP Switch Settings

DIP Switch Function
SwW4 DVI RX. Must be set to “ON” in all cases.
SW3, SW2 Precise Gamma Correction (PGC) Control

¢ On,On (equals 00): Gamma 2.2/2.2 (1.00)
e On,Off (equals 01): Gamma 2.4/2.2 (1.09)
o Off,On (equals 10): Gamma 2.6/2.2 (1.18)
e On,On (equals 11): Disable PGC

SW1, SWO0 Color Temperature Correction (CTC) Control
¢ On,On (equals 00): Bypass

On,Off (equals 01): 6500K
Off,On (equals 10): 8500K
On,On (equals 11): 10000K

The image dithering engine is modified using the user push button settings:
e “0”: used when the push button is depressed

e “1”: used when the push button is released

DVI Receiver (RX) Interface Block

The DVI RX interface must be used for this reference design. Refer to the Display Development
Board User Guide to set up the DVI option. Table 3 shows the DIP switch settings to configure
the DVI RX interface.
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CTC IP Block
Table 3: LVDS DIP Switch Settings for LVDS/DVI RX Selection
DIP Switch Port Name Configuration
DIP_SWITCH_O DIPS_RX_SELECT Must be set to “ON” in all cases
[User Switch SW4]
CTC IP Block Introduction to Color Temperature

White light can be described by color temperature. To determine the color temperature of a light
source, its output is compared with a theoretical “black-body radiator” at a certain temperature
in Kelvin. Specifically, 5000K to 5500K is seen in typical daylight, 2000K is red/orange, and
15000K is bluish. Different light sources and different display technologies show differing color
temperatures. For example, as the sun crosses the sky, it may appear to be red, orange, white,
or blue, depending on its position.

In digital displays, white color is realized by a superposition of the R, G, and B color emitted
from the R, G, and B cells of the specific display. RGB data can be transformed to fit the CIE x-y
color space, the color space where many calculations are performed in this algorithm.

The term “White Point” is loosely defined as color temperature. On a CIE chromaticity diagram
(Figure 3), a white point at 5500K is near the point x = y = 0.33.
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Figure 3: Color Temperature on CIE Chromaticity Diagram

For example, plasma display panels (PDPs) show a low color temperature, especially
compared to a conventional cathode ray tube (CRT) display. The low color temperature of the
PDP is caused by an inherent low blue luminance. Furthermore, the end customer cannot
arbitrarily vary the color temperature once the PDP cell structure and the related driving
scheme are fixed. A digital display output such as a PDP must be color corrected to achieve
better image quality.

CTC Algorithm

In this algorithm implementation, the white point or color temperature of the frame is changed
to the desired color temperature of that particular frame. First, a CIE reference white point is

XAPP928 (v1.1) April 19, 2007

www.Xxilinx.com 3



http://www.xilinx.com



http://www.xilinx.com



http://www.xilinx.com



http://www.xilinx.com



http://www.xilinx.com



http://www.xilinx.com



http://www.xilinx.com



http://www.xilinx.com



http://www.xilinx.com



http://www.xilinx.com



http://www.xilinx.com



http://www.xilinx.com
http://www.xilinx.com/bvdocs/appnotes/xapp928.zip



http://www.xilinx.com



http://www.xilinx.com



http://www.xilinx.com/bvdocs/appnotes/xapp486.pdf
http://www.xilinx.com

	Digital Display Panel IP Reference Design Using LVDS or DVI
	Summary
	IP Block Summary
	User Switch and Push Button Settings
	DVI Receiver (RX) Interface Block


	CTC IP Block
	Introduction to Color Temperature
	CTC Algorithm
	Frame White Point Estimation
	Color Temperature Correction Modules

	DIP Switch Settings
	Device Utilization for the CTC Module

	Precise Gamma Correction
	Introduction to Gamma
	Gamma Correction Implementation
	Detailed Datapath Description
	DIP Switch Settings
	Device Utilization for the Precise Gamma Correction Module

	Image Dithering Engine (IDE)
	Introduction to Dithering
	Image Dithering Algorithm Description
	DIP Switch Settings
	Device Utilization for the IDE Module

	LVDS TX/DVI Interface
	LVDS Transmitter Functional Block Diagram

	Top-Level Design Hierarchy
	Device Utilization for Top-Level Entity
	System-Level I/O Signals
	Conclusion
	Appendix: LVDS Timing
	Revision History


<<
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 false
  /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 [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


