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Abstract

In this paper we describe current trends in mobile display
technology, and analyze the requirements for those displays as
well as the ways of their fulfillment. We also show how active
matrix displays based on organic light emitting diode (OLED)
technology should provide basis for the economic manufacture of
displays for mobile applications.

1. Introduction

Display market can be divided into two major categories; one
category is for medium to small mobile displays and the other is
for medium to large fixed displays. Due to the nature of mobility,
mobile displays have different priority in requirements compared
with fixed displays such as monitors and TV’s. It becomes very
important to achieve low power consumption, low weight and
small dimensions, high durability and outdoor readability, while
maintaining high picture quality and low cost.

The flat panel industry has been dominated by liquid crystal
displays (LCDs). LCD technology is advancing rapidly, but
AMOLED has an apparent advantage over TFT LCD in mobile
applications due to its superior inherent properties such as slim
structure and low weight (since there is no need for backlight and
color filter), no viewing angle dependence, wide operating
temperature and fast response time. Many have also described the
OLED structure as being simple and have suggested that it may be
possible to build OLED fabrication facilities at a fraction of the
cost of AM-LCD plants. However, a high-resolution display is far
more complex than a light source, which poses some challenges to
be solved in order to compete in the marketplace. The spatial
separation of pixels and the time modulation of the emission
indeed require the fabrication of very complicated structures in
both mechanical and electronic aspects.

The current trend in mobile display application technology asks
continuously for higher and higher resolution of displays, which
makes widely utilized shadow mask patterning method not
sufficient enough for their fabrication. The complexity of LTPS
and sensitivity of OLED processes are the origin of low yield in
AMOLED production.

This report concentrates on the strategies currently employed and
being developed to manufacture highly efficient, low cost and
high-resolution active matrix OLEDs for mobile applications.

2. Mobile Display Trends

The mobile market have been continuously expending in recent
years through the introduction of new technologies. One direction
of this development was the increase of a quality media content.
And as such in 2005 DMB (Digital Multimedia Broadcasting)
technology was introduced in South Korea. It is a digital transition
system for sending data, radio and TV to mobile devices such as
mobile phones. A competing standard called MedeaFLO should
follow it within this year.
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Simultaneously the high-speed wireless technologies are being
developed. WiBro (Wireless Broadband) is a wireless broadband
Internet technology that will offer an aggregate data throughput of
30 to 50 Mbit/s through its base stations that will allow the use of
portable Internet within the range of 1-5 km when launched.
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Figure 1. Wireless Networks vs. Wired Networks

Another protocol named HSDPA (High-Speed Downlink Packet
Access) will allow a 5-time increase of data capacity comparing to
existing WCDMA standard.

All this new technologies put a lot of stress on mobile
communication devices, and first of all on device displays. The
increased data and media content causes battery life shortening
and demands increased resolution to cope with such an extent of
information. In light of this the demand of low power consuming,
high resolution and low weight display panels is difficult to
overestimate.

3. Requirements for a Mobile Display
When we consider what kind of display is required to fulfill all the
demands of rapidly developing mobile market, we can introduce a
concept of the Ultimate Display (UD). For a display to become
the UD, it has to have following characteristics:

* low power consumption;

* high outdoor readability;

* durability;

« thin and lightweight display;
* high picture quality;

* low production cost.

Given the harsh realities of competition in the flat-panel display
market, the last advantage may become the critical one. The price
of mobile devices has been steadily decreasing over the years
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(approximately by 30% a year). The scaling-up and simplification
of technological basis are mainly responsible for this trend.

4. Issues Critical for Display Manufacturing
Since the mobile display market has already been dominated by
LCD displays, in order to effectively compete, OLED displays
should show a lot of advantages over LCDs. In this respect the
following issues become critical for OLED success:

« reduction of the production costs to the levels lower then those
of LCDs;

* achieving a ultra low power consumption levels;
» creation of high resolution displays;
* design of ultra thin and ultra light displays.

These are all challenging tasks and their achievement requires the
development of novel highly effective strategies.

4.1 Cost Reduction Strategies

As it has been mentioned above the low cost of the devices is
becoming one of the most critical issues for OLED technology
success. One of the big OLED advantages in this respect is that
the material cost for its production is significantly lower then for
LCD. The proportion of fabrication costs for AM-LCDs
represented by the bill of materials has been rising steadily and is
now over 50% for some manufacturers. The costs of the necessary
OLED materials are substantially less. That derives from the fact
that unlike the LCD it doesn’t require color filters and backlight, it
can use two times less polarizer and instead of using separate
Driver IC it can utilize System on Panel (SOP).

Despite this the overall fabrication cost of OLED displays is still
higher than that of AM-LCDs. Different strategies to reduce this
cost are being developed.

4.1.1  Process Simplification

One of the strategies is to simplify a fabrication process for the
OLED displays. Among other approaches the introduction of a
common layer with a dual functionality to reduce the number of
fabrication steps presents an obvious way of production
simplification. The perfect example of this approach is a so called
Blue Common Layer (BCL), that effectively maintains two
functions being a blue emissive layer and at the same time hole
blocking layer (HBL) for the device.

Blue common layer (BCL) : 2 step patterning

3 patterning steps 2 patterning steps

Cathode Energy gap : Cathode BCL
ETL HBL ~ Blue a
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Conventional AMOLED AMOLED with BCL

Figure 2. The reduction of patterning steps number by
introduction of Blue Common Layer (BCL)

This technology requires a precise recombination zone control,
but when used it improves the efficiency of the device and allows
for one less patterning step. This structure has been verified by
Samsung SDI through fabrication of different displays in the
range from 2.2 inches to 17 inches using Shadow Mask and Laser
Induced Thermal Imaging technologies [1].
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Lately the manufacturers of OLED devices have turned to top
emission structure, as it allows a utilization of Optical Micro-
cavity effect. In a micro-cavity OLED, spontaneous emission
occurs through irradiative exciton decay in a Fabry-Perot (FP)
resonator, in which interference effects alter the internal angular
power distribution. With an appropriate cavity design, some
photons can be moved from the total internal reflection regime to
the extraction cone, enhancing the coupling efficiency.
Meanwhile, the spontaneous emission rate can be enhanced due to
Purcell effect. Therefore, a micro-cavity OLED should emit more

SDI 302 ppi

HIL HIL (LT}

Figure 3. Cavity effect control in top emission design

light than a non-cavity one.

Despite its attractiveness the fabrication of a micro-cavity OLED
is a very complicated process, usually requiring an ITO thickness
control and color filters, but Samsung SDI was able to simplify it
using LITI technology, and have successfully created a 302 ppi
2.6-inch AMOLED display utilizing this effect. The simplification
of the process was achieved by LITI patterning of green and red
emissive layers, while using BCL as blue emissive and hole
blocking layer. The cavity control was realized through the
control of the hole-injection layer.

Further simplification of AM-OLED manufacturing can derive
from the LTPS process. Introduction of new non-laser
crystallization methods should greatly decrease initial investment
and maintenance costs.

4.1.2  System on Panel

It has become a new trend to integrate functional low temperature
poli-Si TFT circuits on AM-OLED panels to make the module
compact and practical [2][3][4]. However, it is difficult to
integrate analog circuits in AM-OLEDs without sacrificing image
quality because OLED electro-optical characteristics is much
more sensitive to the applied signals than LCD. RGB individual
gamma compensation is needed. Furthermore, we need to control
display image brightness and gamma characteristics under
different illumination condition in order to save power
consumption and to achieve the best visibility of the image. For
example, smaller gamma value is suitable under very high
illumination because it can minimize the power consumption and
maximize the visibility. On the other hand, larger gamma value is
suitable under lower illumination to achieve impressive image
with wide dynamic range.
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We have developed a new RGB adjustable gamma compensation
circuit to choose one of the three different gamma characteristics
for each color by using LTPS TFT for AMOLED. By combining
the three of the RGB gamma characteristics, we can achieve 27
types of different gray scale characteristics. We have also
integrated a timing controller to generate all timing signals for a
6-bit data driver and a scanning driver in the AMOLED. As the
result, we have successfully developed a compact and practical
AMOLED module with variable gamma characteristics. Figure 4
shows a block diagram of the developed panel. We have used our
own voltage programming pixel circuit in the active matrix area
[5]. By using 1 to 2 De-multiplexer circuits, we have reduced the
number of the digital data driver output by half. The data driver
writes 128 odd line data to the
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Figure 4. Block diagram of the 6-bit digital
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sampling latches in the first half horizontal period. After
transferring the data from the sampling latches to the holding
latches, the data driver writes the other 128 even line data to the
sampling latches in the second half of the scanning period.

The DC/DC converter, the timing controller (TCON) and the
voltage generator have been placed in the peripheral space of the
active matrix area except the data driver and the scan driver. All
timing signal for the data driver and the scanning driver has been
generated in the TCON. The I/F signal voltage is 5V. The total pin
number to drive the AMOLED panel is 55.
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4.2 Power Consumption

The reduction of power consumption is essential for the displays
for mobile applications. There are different ways to achieve this
goal: development of new electronic materials with higher
efficiency, optimization of OLED structure, optical optimization.
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Figure 5. The progress of OLED material efficiency

In recent years we have witnessed a significant improvement in
material performance, especially in case of phosphorescent
emitting materials. The effect becomes even more pronounced
when combining with structure optimization. For instance, for the
bottom-emitting fluorescent OLED average power consumption at
brightness of 100 cd/m® of white light would correspond to
0.669W, while for bottom-emitting phosphorescent OLED at the
same conditions power consumption would be reduced to
0.456W, but the most efficient of them all would be a top-emitting
phosphorescent OLED — 0.367W.

Another advantage of the top-emitting structure over bottom-
emitting is improved color purity due to the cavity effect. The
search for the optimal cathode materials is being actively pursued.
Matching work functions to the lowest unoccupied molecular
orbital (LUMO) levels of the organics, assuring chemical
compatibility, while maintaining the transparency of the cathode
70% or better as required by top-emitting structures, has proven to
be not an easy task.

A lot of effort has been put into designing new more power
efficient OLED structures by incorporation phosphorescent blue
material in a fluorescent device, by modification carrier transport
layers, or introduction of the new additional layers.

4.3 High Resolution
With increasing content ready for the mobile devices it is of the
great importance to supply those devices with high-resolution
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Figure 6. OLED patterning methods
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displays. Until recently the pixel resolution limitation of
AMOLED display was caused by conventional evaporation
method, which uses fine metal masks (FMM). Even though FMM
is the most common method for patterning primary colors for full
color AMOLED, it is almost impossible to realize a resolution
higher than 230ppi in a mass production environment. Lately
some alternative methods, such as ink-jet printing and laser
induced thermal imaging (LITI) have become available.

Utilizing LITI technology has allowed us to fabricate the world
highest resolution 302-ppi displays. At present LITI technology is
the only method capable of achieving resolution higher then 300
pixels per inch.

In order to achieve such a high resolution in AM-OLED display a
very compact LTPS substrate design is required. In our 302-ppi
displays we realized a compensation circuit with a 2um design
rule, lower resistance metallization to minimize signal delay and
top emitting structure with flatness for LITI process. The scan
driver has been integrated into the LTPS TFT array on the glass
substrate and data driver has been directly connected to external
driver IC. We have applied our own 6 TFTs and 1 capacitor
structure to compensate the Vth variation of the driving TFT in
the pixel. This pixel circuit is well suited to realize a high image
quality and high resolution for AMOLED panel.

Figure 7. New top-emitting full-color OLED display on a
stainless steel foil substrate
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4.4 Thin and Light

In a race to reduce thickness and weigh of displays glass substrate
is starting to play a limiting role. In a search for a robust and
lightweight display a lot of work recently has been focused on Si
TFT on such flexible substrates as stainless steel foil and plastic.
Since the melting point of stainless steel foil is similar to that of
silicon, it is possible to exploit high temperature process to
crystallize the amorphous silicon precursor. Additional advantage
of the stainless steel foil substrate is its low water and oxygen
permeability — comparable to those of the glass.

In addition to being thin and lightweight flexible substrates can
allow fabrication of curved, bendable and even rollable displays
for future applications as an integral part of a car, a book (or
newspaper), or human closes.

Recently Samsung SDI has been successful in development of the
novel top-emitting full-color OLED display on a stainless steel
foil substrate utilizing LTPS technology and thin-film
encapsulation technique. It resulted in the ultra lightweight
display with overall thickness less then 0.2 mm.

5. Conclusions

With introduction of mobile broadcasting and Internet services we
expect another explosive growth in the display market. This
market requires low cost, high-resolution, light and slim display
with low power consumption. If the rate of progress that has been
made in past five years in respect of material properties can be
continued, AMOLED can become an ultimate display. Ultra low
cost, ultra low power and ultra thin and light displays can be
realized with AMOLED technology innovations.

6. References

[1] M.H. Kim, B.D. Chin, M.C. Suh, N.C. Yang, M.W. Song,
J.H. Lee, T.M. Kang, S.T. Lee, H.D. Kim, K.S. Park, J.S.
Oh, H.K. Chung, “Novel structure of a full-color AMOLED
using a blue common layer (BCL)

[2] A.Y.Matsueda, R. Kakkad, Y.S. Park, H.H. Yoon, W.P. Lee,
J.B. Koo, H.K. Chung, “2.5-in. AMOLED with integrated 6-
bit gamma compensated digital data driver”, SID Symposium
Digest, Vol. 35. pp. 1116-1119

[3] K. Abe, M. Shimoda, H. Haga, H. Asada, H. Hayama, K.
Iguchi, D. Iga, Y. Iketsu, H. Imura, S. Miyano, “A poly-Si
TFT 6-bit current data driver for active matrix organic light
emitting diode displays”, Eurodisplay 2002, pp. 279-282

[4] J.C. Tseng, W.T. Sun, C.C. Chen, S.H. Yeh, H.Y. Hung, S.
Hopf, C.F. Sung, C.H. Li, S.H. Li, T.H. Hsiao, Y.F. Wang,
J.J. Lih, C.S. Yang, “A new 6-bit digital type current-driven
AMOLED display employing an improving gray scale
structure”, SID Symposium Digest, Vol. 35. pp. 1512-1515

[5] N.Komiya, C.Y. Oh, K.M. Eom, J.T. Jeong, H.K. Chung,
0.K. Kwon, “Comparison of Vth compensation ability

among voltage programming cirquits for AM-OLED panels”,
IDWO3, pp. 275 - 278

SDC EX. 2017 - 4/4

85U80| SUOWWOD 3AIe1D 3(eolidde 3y} Aq peusnob e sajolie YO ‘88N JO S9N 1o ATeiq i 8UIIUO /8|1 UO (SUORIPUOD-PUR-SWLSYWI0D" A3 1M ATe.q1BUIUO//SHNU) SUORIPUOD PUe SWB | 843 38 *[7202/€0/0T] Uo A%iq1aulluO AB|IM ‘ AYO LVHOGY T NOSHOVE A 09ZEEP2 T/688T 0T/I0P/W00 A8 | IM AR IqIfeU|Uo"PIS//Sdy Wiy papeojumod ‘T ‘9002 ‘65T08ITZ




<<
  /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 100
  /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




