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PHOTOLUMINESCENCE COLOR DISPLAY

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The invention relates to color displays, such as liquid crystal displays (LCDs), which

convert electrical signals into color images. In particular, the invention concerns color,

transmissive displays in which photoluminescence materials are used to generate color light in

response to excitation radiation from a backlight, such displays being termed photoluminescence

color displays or photoluminescent color displays.

Description of the Related Art

[0002] Light that allows us to see comes from solar energy in what is known as the visible

region of the solar, electromagnetic, spectrum. This region is a very narrow segment of the total

spectrum, the visible region being that portion visible to the human eye. It ranges in wavelength

from about 440 nm in the extreme blue or near ultraviolet to about 690nm in the red or near

infrared. The middle of the visible region is a green color at about 555nm. Human vision is such

that what appears as white light is really composed of weighted amounts of a continuum of so-

called black body radiation. In order to produce light that appears "white" to a human observer,

the light needs to have component weights of about 30 per cent in the red (R), 59 per cent in the

green (G) and 11 per cent in the blue (B).

[0003] The perception of light as being white can be maintained even when the amount of

one of the RGB component colors is changed, as long as the amounts of the other two can be

adjusted to compensate. For example, if the red light source is shifted to a longer wavelength, the

white light will appear more cyan in color if the other two colors remain unchanged. White

balance may be restored, however, by changing the weight of the green and blue to levels other

than their original values of 11 and 59 per cent, respectively. The human eye does not have the

ability to resolve closely spaced colors into the individual red, green, and blue (RGB) primary

components of white light, since the human vision system mixes these three components to form

intermediates. The reader will recall that human vision registers (and/or detects) only the three

primary colors, and all other colors are perceived as combinations of these primaries.



[0004] Color liquid crystal displays (LCDs) in use today are based on picture elements, or

"pixels," formed by a matrix/array of liquid crystal (LC) cells. As is known, the intensity of the

light passing through a LC can be controlled by changing the angle of polarization of the light in

response to an electrical field, voltage, applied across the LC. For a color LCD, each pixel is

actually composed of three "sub-pixels": one red (R), one green (G), and one blue (B). Taken

together, this sub-pixel triplet makes up what is referred to as a single pixel (pixel unit). What the

human eye perceives as a single white pixel is actually a triplet of RGB sub-pixels with weighted

intensities such that each of the three sub-pixels appears to have the same brightness. Likewise,

when the human eye sees a solid white line, what is actually being displayed is a series or line of

RGB triplets. The multi-sub-pixel arrangement may be manipulated by tuning the photometric

output of the light source to a set of desired color coordinates, thereby offering a superior Color

Rendering Index (CRI) and a dynamic color selection for a large color palette.

[0005] In current color, transmissive LCD technology, this color tuning is implemented

with the use of color filters. The principle of operation of a conventional color, transmissive

LCD is based upon a bright white light backlighting source located behind a liquid crystal (LC)

matrix, and a panel of color filters positioned on an opposite side of the liquid crystal matrix. The

liquid crystal matrix is digitally switched to adjust the intensity of the white light from the

backlighting source reaching each of the color filters of each pixel, thereby controlling the

amount of colored light transmitted by the RGB sub-pixels. Light exiting the color filters

generates the color image.

[0006] A typical LCD structure is sandwich-like in which the liquid crystal is provided

between two glass panels; one glass panel containing the switching elements that control the

voltage being applied across electrodes of the LC corresponding to respective sub-pixel, and the

other glass panel containing the color filters. The switching elements for controlling the LC

matrix which are located on the back of the structure, that is facing the backlighting source;

typically comprise an array of thin film transistors (TFTs) in which a respective TFT is provided

for each sub-pixel. The color filter glass panel is a glass plate with a set of primary (red, green,

and blue) color filters grouped together. Light exits the color filter glass panel to form the image.

[0007] As is known, LCs have the property of rotating the plane of polarization of light as a

function of the applied electric field, voltage. Through the use of polarizing filters and by

controlling the degree of rotation of the polarization of the light as a function of the voltage



applied across the LC the amount of white light supplied by the backlighting source to the filters

is controlled for each red, green and blue sub-pixel. The light transmitted through the filters

generates a range of colors for producing images that viewers see on a TV screen or computer

monitor.

[0008] Typically, the white light source used for backlighting comprises a mercury-filled

cold cathode fluorescent lamp (CCFL). CCFL tubes are typically glass, and filled with inert

gases. The gases ionize when a voltage is applied across electrodes positioned within the tube,

and the ionized gas produces ultraviolet (UV) light. In turn, the UV light excites one or more

phosphors coated on the inside of the glass tube, generating visible light. Reflectors redirect the

visible light to the monitor and spread it as uniformly as possible, backlighting the thin, flat

LCD. The backlight itself has always defined the color temperature and color space available,

which has typically been approximately 75 per cent of NTSC (National Television Standards

Committee) requirements.

[0009] In the known LCD systems, the color filter is a key component for sharpening the

color of the LCD. The color filter of a thin film transistor liquid crystal display (TFT LCD)

consists of three primary colors (RGB) which are included on a color filter plate. The structure of

the color filter plate comprises a black (opaque) matrix and a resin film, the resin film containing

three primary-color dyes or pigments. The elements of the color filter line up in one-to-one

correspondence with the unit pixels on the TFT-arrayed glass plate. Since the sub-pixels in a unit

pixel are too small to be distinguished independently, the RGB elements appear to the human eye

as a mixture of the three colors. As a result, any color, with some qualifications, can be produced

by mixing these three primary colors.

[0010] The development over recent years of high brightness light emitting diodes (LEDs)

has made possible LED backlighting with an enhanced color spectrum and has been used to

provide a wider range of spectral colors for displays. In addition, LED backlighting has allowed

for a tuning of the white point, when allied with a feedback sensor, ensuring the display operates

consistently to a pre-defined performance.

[0011] In these LED based backlighting systems, the light output from red, green and blue

(RGB) LEDs is mixed in equal proportions to create white light. This approach, unfortunately,

requires complex driving circuitry to properly control the intensities of the three different color

LEDs since different circuitry is necessary because each of the LEDs demands different drive



conditions.

[0012] An alternative approach has been to use a white emitting LED which comprises a

single blue LED chip coated with a yellow fluorescent phosphor; the yellow phosphor absorbing

a proportion of the blue light emitted by the blue LED, and then re-emitting that light (in a

process known as down-conversion) as yellow light. By mixing the yellow light generated by the

yellow phosphor with the blue light from the blue LED, white light over the entire visible

spectrum could be produced. Alternatively, an ultraviolet LED can be coated with a red-green-

blue phosphor to produce white light; in this case, the energy from the ultraviolet LED is

substantially non-visible, and since it cannot contribute a component to the resultant white light,

it functions only as an excitation source for the phosphors. Unfortunately, the white light product

of such LEDs does not match well with the color filters used in current LCDs, and a significant

amount of the backlight intensity is wasted.

[0013] United States patent US 4,830,469 proposes a LCD which uses UV light to excite

red, green and blue light emitting phosphor sub-pixels thereby eliminating the need for RGB

color filters. Such LCDs are referred to as photoluminescence color LCDs. A mercury lamp

emitting UV light of wavelength 360nm to 370nm is used as a backlight and the red, green and

blue emitting phosphors are provided on a front substrate plate. The UV light after being

modulated by the liquid crystal matrix is then incident on the phosphor sub-pixels of the front

plate which emit red, green and blue light in response.

[0014] United States patent US 6,844,903 teaches a color, transmissive LCD which supplies

a uniform blue light of wavelength 460nm to the back of the liquid crystal layer. The blue light,

after being modulated by the liquid crystal layer, is then incident on the back surface of phosphor

material located above the liquid crystal layer. A first phosphor material, when irradiated with

the blue light, generates red light for the red pixel areas of the display, and a second phosphor

material, when irradiated with the blue light, generates green light for the green pixel areas of the

display. No phosphor material is deposited over the blue sub-pixel areas since blue light is

provided from the backlight. A suitable diffuser (e.g. scattering powder) can be located at the

blue sub-pixel areas so that the blue pixels match the viewing angle properties of the red and

green pixels.

[0015] United States Patent Applications US 2006/0238103 and US 2006/0244367 teach

photoluminescence color LCDs which respectively use UV light of wavelength 360nm to 460nm



and a near blue-UV light of wavelength 390nm to 410nm to excite red, green and blue light

emitting phosphor sub-pixels. The use of near blue-UV backlighting reduces deterioration of

liquid crystals caused by UV light.

[0016] A further example of a photoluminescence color LCD is disclosed in Japanese patent

application JP 2004094039.

[0017] United States patent US 8,947,619 discloses a photoluminescence color display

comprising a photoluminescence color-elements plate having red, green or blue quantum dots

material corresponding to the pixel areas of the display; and a wavelength selective filter

disposed between the color-elements plate and the excitation source. The wavelength selective

filter prevents light generated within the pixel areas returning to the excitation source.

[0018] The present invention concerns photoluminescence color display, which utilizes

photoluminescence materials, such as quantum dots, inorganic and organic phosphor materials, to

generate the different colors of light of the sub-pixels. What is needed in the art is a color display

that uses an RGB photoluminescence based color rendering scheme to sharpen the color and

enhance the brightness of the image.

SUMMARY OF THE INVENTION

[0019] Embodiments of the present invention are directed to low-cost, high energy

conversion efficiency color displays, such as LCDs, having enhanced color rendering. Color

displays in accordance with embodiments of the invention enable images with a high brightness

and a spectacular, vivid range of colors to be realized. Such enhanced color display have

applications in a variety of electronics devices including, but not limited to, televisions, monitors

and computer monitors, the view screens of satellite navigation systems and hand-held devices

such as mobile telephones and personal video /music systems.

[0020] A photoluminescence color display can comprise a display panel that displays red,

green and blue sub-pixel areas, an excitation source operable to generate excitation radiation for

operating the display, and a combined layer. The combined layer (that is operable to emit light

corresponding to red, green or blue sub-pixel areas of the display) comprises a mixture of at least

one photoluminescence material and a color filter pigment having specific optical properties for

enhancing the performance of the display.

[0021] According to an aspect of the present invention, there is provided a



photoluminescence color display comprising: a display panel comprising a plurality of red, green

and blue sub-pixel areas; and an excitation source operable to generate blue light for operating

the display; wherein said red sub-pixel areas comprise a mixture of a first photoluminescence

material that is operable to emit red light in response to said blue excitation light and a first color

filter pigment that allows the passage of blue light and red light whilst substantially preventing

the passage of green light; said green sub-pixel areas comprise a mixture of a second

photoluminescence material that is operable to emit green light in response to said excitation

radiation and a second color filter pigment that allows the passage of blue light and green light

whilst preventing the passage of red light; and said blue sub-pixel areas comprise a third color

filter pigment that allows the passage of blue light whilst preventing the passage of red light and

green light.

[0022] A photoluminescence color display formed in accordance with the invention

addresses the problem of reducing and/or eliminating "cross-talk" between different sub-pixels

and sharpens the color of the display. In the context of this patent specification, cross-talk refers

to the emission of light from a sub-pixel which has a color which does not correspond to that of

said sub-pixel. Cross-talk includes, for example, the emission of red light from green or blue sub-

pixels; the emission of green light from red or blue sub-pixels; and the emission of blue light

from red or green sub-pixels. Since the photoluminescence process is isotropic,

photoluminescence generated light is emitted in all directions including those back towards the

excitation source. Since the excitation source is common to all sub-pixels, such light could then

be emitted from sub-pixels of a different color and, if unchecked, this would degrade the

display's performance. It is the inclusion of the color filter pigment with the photoluminescence

materials with a specific optical characteristic that blocks the emission of light that does not

correspond to the color of the sub-pixel.

[0023] Further, the inclusion of a color filter pigment having specific characteristics with

the photoluminescence material further eliminates the need for a separate color filter plate to

sharpen the color of the display. This reduces cost and improves efficiency of manufacture. Since

a color filter plate is not required, it is not necessary to accurately align said color filter plate

with the combined layer such that the sub-pixels of the filter plate accurately overlay

corresponding sub-pixels of the combined layer, thereby improving efficiency of manufacture.

For instance, in a 1080p display (1920x1080 pixels) this would require aligning 2,073,600 red,



green and blue sub-pixels which would have a significant effect on the time and cost of

manufacture.

[0024] It may be that the first color filter pigment is magenta. The inclusion of a magenta

filter pigment in the red sub-pixels prevents green light from being emitted from red sub-pixels.

[0025] It may be that the second color filter pigment is cyan. Similarly, the inclusion of a

cyan filter pigment in the green sub-pixels prevents red light from being emitted from green sub-

pixels.

[0026] It may be that the third color filter pigment is blue. The inclusion of a blue filter

pigment in the blue sub-pixels prevents red and green light from being emitted from blue sub-

pixels. Hence, a photoluminescence material is typically not required in the blue sub-pixel area.

In some embodiments, a blue photoluminescence may be used to convert the wavelength of the

blue excitation light to blue light of a required wavelength.

[0027] The photoluminescence materials may comprise an inorganic or organic phosphor

material, or quantum dots materials. The photoluminescence materials may comprise cadmium

free quantum dots. The photoluminescence materials may comprise quantum dots materials

which comprise materials selected from the group consisting of: cadmium selenide (CdSe);

cadmium zinc selenide (CdxZni_xSe); cadmium zinc selenide sulfide (CdZnSeS); cadmium

selenide sulfide (CdSe xSi_x); cadmium telluride (CdTe); cadmium telluride sulfide (CdTe Si_x),

cadmium sulfide (CdS), cadmium zinc sulfide (Cd Zni_ S); indium phosphide (InP); indium

gallium phosphide (In Gai_ P); indium arsenide (InAs); copper indium sulfide (CuInS 2); copper

indium selenide (CuInSe 2); copper indium sulfide selenide (CuInS xSe2_ ) ; copper indium gallium

sulfide (CuIn Gai_ S2); copper indium gallium selenide (CuIn Gai_ Se2); copper gallium sulfide

(CuGaS 2) ; copper indium aluminum selenide (CuIn Ali_ Se2) ; copper gallium aluminum selenide

(CuGa Ali_ Se2) ; copper indium sulfide zinc sulfide (CuInS 2 ZnSi_ ); and copper indium selenide

zinc selenide (CuInSe 2 ZnSei_ ) . The quantum dots materials can comprise core/shell nano-

crystals containing different materials in an onion-like structure. The quantum dots materials can

be deposited as a thin layer of quantum dots directly on a substrate using a deposition method

such as a contact printing process.

[0028] The photoluminescence color display may further comprise a liquid crystal disposed

between front and back plates of the display panel; and a matrix of electrodes defining red, green

and blue sub-pixel areas of the display and operable to selectively induce an electric field across



the liquid crystal in the sub-pixel areas for controlling transmission of light through the sub-

pixels areas.

[0029] The photoluminescence materials may be located on a face of the back plate; for

instance, either a lower face or an upper face of the back plate. Alternatively, the

photoluminescence materials may be located on a face of the front plate; for instance, either a

lower face or an upper face of the front plate. Since the degree of polarization of light induced by

a liquid crystal can depend on the wavelength of light, locating a photoluminescence material on

the front plate may be advantageous in operating the red, green and blue sub-pixels.

[0030] The blue excitation light may have a peak emission wavelength in a range of 400nm

to 480nm.

[0031] It may be that the red, green and blue sub-pixel areas comprise a combined layer of

said photoluminescence materials and color filter pigments. The photoluminescence color

display may further comprise polarizing layers and wherein the combined layer is located outside

of the polarizing layers. The color display can further comprise a first polarizing filter layer on

the front plate and a second polarizing filter layer on the back plate and wherein the orientation

of the direction of polarization of the first polarizing filter layer is perpendicular to the direction

of polarization of the second polarizing filter layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] In order that the present invention is better understood, embodiments of the

invention will now be described, by way of example only, with reference to the accompanying

drawings in which:

[0033] FIG. 1 is a schematic of a photoluminescence color LCD formed in accordance with

an embodiment of the present invention;

[0034] FIG. 2 is a schematic diagram of the unit pixel of the LCD of FIG. 1 ;

[0035] FIG. 3 is a side elevation of the combined layer of the LCD of FIG. 1 ;

[0036] FIG. 4 is a schematic of a photoluminescence color LCD formed in accordance with

an another embodiment of the present invention; and

[0037] FIG. 5 shows absorption characteristics for magenta, cyan, and blue filter pigments.



DETAILED DESCRIPTION OF THE INVENTION

[0038] Disclosed herein is a novel color rendering scheme designed to improve and enhance

the brightness and sharpness of an electronic display, such as a liquid crystal display (LCD).

[0039] The present invention addresses the problem of reducing and/or eliminating cross

talk between different color sub-pixels in a photoluminescence color display. In accordance with

embodiments of the present invention, sub-pixels of the display comprise a mixture of a

photoluminescence material and a color filter pigment to at least in part reduce cross-talk,

thereby sharpening the color of the display.

[0040] Throughout this specification like reference numerals are used to denote like

features.

[0041] Referring to FIG. 1 there is shown a schematic cross-sectional representation of a

photoluminescence color LCD 100 formed in accordance with an embodiment of the present

invention. The LCD 100 comprises a display panel 102 and a backlighting unit 104.

[0042] The backlighting unit 104 comprises a planar light guide (waveguide) 154 with one

or more blue light excitation sources 106 located along one or more edges of the light guide 154.

Each excitation source 106 can comprise a blue light emitting LED (400 nm to 480 nm). In

operation, excitation light is coupled into the edge(s) of the light guide 154 and is guided, by

total internal reflection, over the entire volume of the light guide 154 to give a uniform

illumination over the entire surface of the display panel 102. As shown and to prevent the escape

of light from the backlighting unit 104, the rear of the light guide 154 can further comprise a

light reflective surface 156. The blue light excitation sources 106 are operable to excite red and

green photoluminescence sub-pixels 130, 132 respectively. The backlighting unit 104 may

further comprise a light diffusing plane 108 to ensure the display panel 104 is substantially

evenly irradiated with excitation radiation over its entire surface.

[0043] The display panel 102 comprises a transparent (light transmissive) front (light/image

emitting) plate 110, a transparent back plate 112 and a liquid crystal (LC) 114 filling the volume

between the front and back plates. The front plate 110 comprises a glass plate 116 having on its

underside, that is the face of the plate facing the LC 114, a transparent common electrode plane

126 (for example transparent indium tin oxide, ΓΤΟ) . On the upper surface of the front plate 110

is a first polarizing filter layer 118. The back plate 112 comprises a glass plate 122 having on its

underside, that is the face of the plate facing a combined layer 160, a second polarizing filter



layer 124. On the upper surface of the back plate 112, that is the face of the plate facing the LC

114, is a thin film transistor (TFT) layer 120.

[0044] The combined layer 160 comprises an array of different color sub-pixels 130, 132,

134 which emit red (R), green (G), and blue (B) light respectively. The TFT layer 120 comprises

an array of TFTs, wherein there is a transistor corresponding to each individual color sub-pixel

130, 132, 134 of each pixel unit 140 of the combined layer 160. Typically, the directions of

polarization of the two polarizing filters 118, 124 are aligned perpendicular to one another.

[0045] The combined layer 160 comprises a mixture of photoluminescence materials and

color filter pigments having specific characteristics that are coated on a glass (or plastic)

substrate 168. By positioning the combined layer 160 outside of the polarizing layers 118 and

124, this prevents the random polarization of photoluminescence material (e.g., quantum dots)

emissions interfering with operation of the LCD module.

[0046] FIG. 2 is a schematic diagram of the unit pixel 140 illustrating the combined layer

160 which comprises an array of the different color sub-pixels 130, 132, 134 which emit red (R),

green (G), and blue (B) light respectively. The sub-pixels 130, 132 comprise a mixture of a

photoluminescence material and a color filter pigment and, in operation, respectively emit red (R)

and green (G) in response to blue excitation light from a backlighting unit 104; whereas the sub-

pixels 134 comprise only a color filter pigment and, in operation, allow blue light from the

backlighting unit 104 to pass through. The combined layer 160 acts both for color sub-pixel light

generation and color filtering to reduce cross-talk. One key advantage of this approach is that

only one pixel structure layer is necessary, which is the photoluminescence material (e.g.,

phosphor or quantum dots) and color filter pigment combined together to form the single

combined layer 160.

[0047] FIG. 3 is a side elevation of the combined layer of the LCD of FIG. 1. The RGB sub-

pixels 130, 132, 134 are packaged on the substrate 168 (e.g., a glass substrate) having opaque

dividers/walls 138 between each of the sub-pixels 130, 132, 134 having a mixture of both the

photoluminescence material and color filter pigment combined together. Each of the sub-pixels

130, 132, 134 provides light emissions and filtering at the primary red (R), green (G), and blue

(B) colors. The dividers 138 can be formed as a grid mask of metal, such as for example

chromium, defining the sub-pixels 130, 132, 134 and providing an opaque gap between the sub-

pixels 130, 132, 134 and unit pixels 140. Additionally, the black matrix shields the TFTs from



stray light and prevents cross-talk between neighboring sub-pixels/unit pixels. To minimize

reflection from the black matrix, a double layer of Cr and CrOx may be used, but of course, the

layers may comprise materials other than Cr and CrOx. The black matrix film which can be

sputter-deposited underlying or overlying the photoluminescence material may be patterned

using methods that include photolithography.

[0048] Unlike conventional RGB color filters which use red, green and blue filter pigments,

the filter pigments used in the combined layer 160 of the present invention does not include the

use of such standard red, green, and blue color filter pigments. This is because were you to use a

red pigment in the red sub-pixels this would inhibit sufficient blue light entering such sub-pixels

to excite the red photoluminescence materials. Therefore, the filter pigment needs to be carefully

selected to permit passage of sufficient blue light (and red light), while filtering out other colors of

light. In some embodiments, in the red sub-pixels, red photoluminescence material is mixed with a

magenta filter pigment. The magenta filter pigment is the material in the red sub-pixels that

provides the color filtering, since magenta filter pigments will absorb green light while allowing

red and blue light to pass through. This permits blue light from the backlighting module to enter

into the red sub-pixels and excite the red photoluminescence materials (e.g., quantum dots) to

emit red light. When the concentration of red photoluminescence materials and magenta filter

pigments is high enough, only red light will be emitted from the red sub-pixels. In some

embodiments, absorption characteristics of an example magenta pigment are shown in FIG. 5 .

[0049] In a similar manner, a standard green color filter pigment will not be used as the

filter materials for the green sub-pixels. Instead, the green sub-pixels will contain green

photoluminescence materials and cyan filter pigments, where the cyan filter pigments function as

the filter materials. Since cyan filter pigments absorb red light while passing blue and green

light through, green photoluminescence materials can therefore be excited by the blue light and

emit green light. When the concentration of green photoluminescence materials and cyan filter

pigments is high enough, only green light will be emitted from the green sub-pixels In some

embodiments, absorption characteristics of an example cyan filter pigment are shown in FIG. 5 .

[0050] For the blue sub-pixels, no photoluminescence materials are necessary when the

backlight comprises blue LEDs. Therefore, only blue filter pigments are used for the blue sub-

pixels. Blue light will pass through blue sub-pixels directly and red/green light will be blocked.

[0051] In accordance with embodiments of the present invention, the sub-pixels of an LCD



comprise a mixture of a photoluminescence material and color filter pigments having specific

characteristics. Such an arrangement addresses the problem of cross-talk between sub-pixels and

sharpens the color of the display. Since the photoluminescence process is isotropic,

photoluminescence generated light is emitted in all directions including those back towards the

backlighting unit 104. Since the backlighting unit 104 is common to all sub-pixels 130, 132, 134

of the LCD 100, once such light enters the backlighting unit 104 it could then be emitted from

sub-pixels of a different color. For example, green light generated by a green sub-pixel 132

which enters the backlighting unit 104 can then be emitted from a red or a blue sub-pixel 130,

134 and such emission, if unchecked, would degrade the LCD's 100 performance. Likewise, red

light generated by a red sub-pixel 130 which enters the backlighting unit 104 can then be emitted

from a green or a blue sub-pixel 132, 134 and such emission, if unchecked, would degrade the

LCD's 100 performance. It is the inclusion of the color filter pigment with the

photoluminescence materials with a specific optical characteristic that blocks the emission of

light that does not correspond to the color of the sub-pixel. For instance, the inclusion of a cyan

filter pigment in the green sub-pixels 132 prevents red light from being emitted from green sub-

pixels 132. Similarly, the inclusion of a magenta filter pigment in the red sub-pixels 130 prevents

green light from being emitted from red sub-pixels 130.

[0052] Further, the inclusion of a color filter pigment having specific characteristics with

the photoluminescence material further eliminates the need for a separate color filter plate. This

reduces cost and improves efficiency of manufacture.

[0053] Different types of photoluminescence materials, such as quantum dots, inorganic and

organic phosphor materials, can be used for the photoluminescence sub-pixels of the display.

[0054] Quantum dots can comprise different materials, for example cadmium selenide

(CdSe). The color of light generated by a quantum dot is enabled by the quantum confinement

effect associated with the nano-crystal structure of the quantum dots. The RGB quantum dots

can, compared with other photoluminescence materials, generate pure (narrow bandwidth) and

saturated emission colors. The energy level of each quantum dot relates directly to the size of the

quantum dot. For example, the larger quantum dots, such as red quantum dots, can absorb and

emit photons having a relatively lower energy (i.e. a relatively longer wavelength). On the other

hand, the green and blue quantum dots, which are smaller in size can absorb and emit photons of

a relatively higher energy (shorter wavelength). Hence, the wavelength of the emitted light from



the RGB quantum dots can be configured by careful selection of the size of the quantum dots.

Additionally, photoluminescence color displays are envisioned that use cadmium free quantum dots

and rare earth (RE) doped oxide colloidal phosphor nano-particles, in order to avoid the toxicity

of the cadmium in the quantum dots. It is believed that the use of quantum dot materials as the

sub-pixels of a photoluminescence color display is inventive in its right.

[0055] There are a variety of compositions available for the red (R) and green (G) quantum

dots of the combined layer 160. Examples of suitable quantum dots composition is given in

Table 1.

GREEN RED
(530nm-540 nm) (610nm-630 nm)
CdSe -2.9 nm CdSe -4.2 nm
CdxZni_x Se Cd Zni_ Se
CdZnSeS CdZnSeS
CdSe xSi_x CdSe Si_

CdTe CdTe
CdTexS1-x CdTexS1-x
CdS -

InP InP
In Gai_ P In Gai_ P
- InAs
CuInSi CuInS 2
CuInSe 2 CuInSe 2
CuInS xSe2_ CuInS xSe2_
Cu In Gai_ S2 Cu In Gai_ S2
Cu In Gai_ Se2 Cu In Gai_ Se2
CuGaS 2 CuGaS 2
Cu In Ali_ Se2 Cu In Ali_ Se2
Cu Ga Ali_ Se2 -

CuInS 2xZnSi-x CuInS 2xZnSi-x
CuInSe 2 ZnSei_ CuInSe 2 ZnSei_

Table 1 - Chemical formula of example quantum dots compositions

[0056] The quantum dots material can comprise core/shell nano-crystals containing

different materials in an onion-like structure. For example, the above exemplary materials in

Table 1 can be used as the core materials for the core/shell nano-crystals.

[0057] The optical properties of the core nano-crystals in one material can be altered by

growing an epitaxial-type shell of another material. Depending on the requirements, the

core/shell nano-crystals can have a single shell or multiple shells. The shell materials can be



chosen based on the band gap engineering. For example, the shell materials can have a band gap

larger than the core materials so that the shell of the nano-crystals can separate the surface of the

optically active core from its surrounding medium.

[0058] In the case of the cadmiun-based quantum dots, e.g. CdSe quantum dots, the

core/shell quantum dots can be synthesized using the formula of CdSe/ZnS, CdSe/CdS,

CdSe/ZnSe, CdSe/CdS/ZnS, or CdSe/ZnSe/ZnS. Similarly, for CuInS2 quantum dots, the

core/shell nanocrystals can be synthesized using the formula of CuInS2/ZnS, CuInS2/CdS,

CuInS2/CuGaS2, CuInS2/CuGaS2/ZnS and so on.

[0059] As well as quantum dots, the photoluminescence materials for red and green sub-

pixels of the combined layer 160 can comprise a variety of other photoluminescence materials

including organic and inorganic phosphor materials. Examples of organic phosphors include

organic dyes such as red light emitting dyes, and green light emitting dyes. An example of a

suitable red light emitting dye is ADS.TM.-100RE (American Dye Source Inc., Canada). An

example of a suitable green light emitting dye is ADS.TM.-085GE (American Dye Source Inc.,

Canada).

[0060] In addition, organic dyes can be chosen from dyes used for tunable dye lasers that

can be adequately excited with blue light. Useful light emitting dyes may include, but are not

limited to, Lumogen.TM. F Red 300 (red emitter), Lumogen.TM. Red 300 Nanocolorant.TM.

(red emitter), and ADS.TM. 100RE (red emitter) (American Dye Source Inc., Canada). Useful

green light emitting dyes may include, but are not limited to, ADS.TM. 085GE (American Dye

Source Inc., Canada).

[0061] Also, there are a variety of compositions available for the red and green inorganic

phosphors of the combined layer 160. The host material is typically an oxide, and may comprise

an aluminate, silicate, phosphate or borate, but the host material is not restricted to these classes

of compounds. The red and green phosphors, for example, can comprise an aluminate, a silicate,

a sulfate, an oxide, a chloride, a fluoride, and/or a nitride, doped with a rare-earth element called

an activator. The activator may include divalent europium or cerium, but the activator is not

limited to these elements. Dopants such as halogens can be substitutional^ or interstitially

incorporated into the crystal lattice and can for example reside on oxygen lattice sites of the host

material and/or interstitially within the host material. Examples of suitable phosphor composition

along with the range of wavelengths at which they may be excited is given in Table 2 .



Excitation Example phosphor compositions
wavelength reen Red

400~480nm (Sr,Ba,Mg)2Si0 4:Eu,F (Sr,Ba,Mg,Al)3SiQ5:Eu,F

Table 2 - Chemical formula of example phosphor compositions

[0062] There are a variety of ways in which the RGB photoluminescence materials can be

incorporated into/onto the combined layer 160.

[0063] For example, the red and green quantum dots can be deposited directly on a substrate

168 using a printing process. The printing process can form a thin layer of quantum dots without

using a solvent. Thus, a printing process can be simple and efficient with high throughput.

[0064] Most inorganic phosphor materials are hard substances, and the individual particles

may have a variety of irregular shapes. It can be difficult to incorporate them directly into a

plastics resin, however, phosphors are known to be compatible with acrylic resins, polyesters,

epoxies, polymers such as polypropylene and high and low density polyethylene (HDPE, LDPE)

polymers. Materials may be cast, dipped, coated, extruded or molded. In some embodiments, it

may be preferable to use master batches for incorporating the phosphor-containing materials into

clear plastics, which may then be coated onto the glass substrate 168 of the combined layer 160.

In reality, any of the methods that are used for fabricating the filter plate of an LCD, such

methods being screen printing, photolithography, and ink printing techniques, may also be used

to fabricate the present combined layer 160.

[0065] FIG. 4 is a schematic of a photoluminescence color LCD 200 formed in accordance

with another embodiment of the present invention. The reference numerals in FIG. 4 denote the

same features as those of FIG. 1. Hence, like reference numerals denote like features. In this

embodiment, the combined layer 260 of the photoluminescence materials and color filter

pigments is located on the upper surface of the front plate 210 facing the polarizing layer 218

(i.e., on the viewing side of the display panel 202). As with the previous embodiment, providing

the combined layer 260 outside of the polarizing layers 218 and 224 ensures that the random

polarization of photoluminescence generated light (e.g. quantum dot emissions) will not interfere

with LCD module mechanisms.

[0066] The arrangement of FIG. 4 also addresses the problem of cross-talk between sub-



pixels and sharpens the color of the display. For example, green light generated by a green sub-

pixel 232 which passes through the liquid crystal 214 and enters the backlighting unit 204 can

lead to it being undesirably emitted from a red or a blue sub-pixel 230, 234. Such emission, if

unchecked, would degrade the LCD's 200 performance. Likewise, red light generated by a red

sub-pixel 230 which passes through the liquid crystal 214 and enters the backlighting unit 204

can lead to it being undesirably emitted from a green or a blue sub-pixel 232, 234. Such

emission, if unchecked, would degrade the LCD's 200 performance. It is the inclusion of the

color filter pigment with the photoluminescence materials with a specific optical characteristic

that blocks the emission of light that does not correspond to the color of the sub-pixel. For

instance, the inclusion of a cyan filter pigment in the green sub-pixels 232 prevents red light

from being emitted from green sub-pixels 232. Similarly, the inclusion of a magenta filter

pigment in the red sub-pixels 230 prevents green light from being emitted from red sub-pixels

230.

[0067] Further, the inclusion of a color filter pigment having specific characteristics with

the photoluminescence material further eliminates the need for a separate color filter plate. This

reduces cost and improves efficiency of manufacture.

[0068] It will be appreciated that the present invention is not restricted to the specific

embodiments described and that variations can be made that are within the scope of the

invention. For example, in some embodiments, the combined layer 160 can be fabricated directly

on the front plate 110 or back plate 112 as opposed to on a separate substrate 168. When

providing the combined layer 160 on the back plate 112, for ease of fabrication the combined

layer 160 can be fabricated on a lower side of the back plate 112. In other arrangements, it can be

provided on the upper surface of the back plate 112 and the second polarizing layer 124 provided

on top of the combined layer 160.



CLAIMS

What is claimed is:

1. A photoluminescence color display comprising:

a display panel comprising a plurality of red, green and blue sub-pixel areas; and

an excitation source operable to generate blue light for operating the display;

wherein said red sub-pixel areas comprise a mixture of a first photoluminescence material

that is operable to emit red light in response to said blue excitation light and a first color filter

pigment that allows the passage of blue light and red light whilst substantially preventing the

passage of green light; said green sub-pixel areas comprise a mixture of a second

photoluminescence material that is operable to emit green light in response to said excitation

radiation and a second color filter pigment that allows the passage of blue light and green light

whilst preventing the passage of red light; and said blue sub-pixel areas comprise a third color

filter pigment that allows the passage of blue light whilst preventing the passage of red light and

green light.

2 . The photoluminescence color display of Claim 1, wherein the first color filter pigment is

magenta.

3 . The photoluminescence color display of Claim 1 or Claim 2, wherein the second color

filter pigment is cyan.

4 . The photoluminescence color display of any of Claims 1 to 3, wherein the third color

filter pigment is blue.

5 . The photoluminescence color display of any preceding claim, wherein the

photoluminescence materials comprise an inorganic phosphor material.

6 . The photoluminescence color display of any of Claims 1 to 4, wherein the

photoluminescence materials comprise an organic phosphor material.



7 . The photoluminescence color display of any of Claims 1 to 4, wherein the

photoluminescence materials comprise quantum dots materials.

8. The photoluminescence color display of any preceding claim, and further comprising:

a liquid crystal disposed between front and back plates of the display panel; and

a matrix of electrodes defining red, green and blue sub-pixel areas of the display and

operable to selectively induce an electric field across the liquid crystal in the sub-pixel areas for

controlling transmission of light through the sub-pixels areas.

9 . The photoluminescence color display of Claim 8, wherein the photoluminescence

materials are located on a face of the back plate.

10. The photoluminescence color display of Claim 8, wherein the photoluminescence

materials are located on a face of the front plate.

11. The photoluminescence color display of any preceding claim, wherein the blue excitation

light has a wavelength in a range of 400nm to 480nm.

12. The photoluminescence color display of Claim 7, wherein said photoluminescence

materials comprise cadmium free quantum dots.

13. The photoluminescence color display of Claim 7, wherein said photoluminescence

materials comprise quantum dots materials comprise materials selected from the group

consisting of: cadmium selenide (CdSe); cadmium zinc selenide (CdxZni_xSe); cadmium zinc

selenide sulfide (CdZnSeS); cadmium selenide sulfide (CdSe xSi_x); cadmium telluride (CdTe);

cadmium telluride sulfide (CdTe Si_x), cadmium sulfide (CdS), cadmium zinc sulfide

(Cd Zni_ S); indium phosphide (InP); indium gallium phosphide (In Gai_ P); indium arsenide

(InAs); copper indium sulfide (CuInS 2); copper indium selenide (CuInSe 2) ; copper indium

sulfide selenide (CuInS xSe2_ ); copper indium gallium sulfide (CuIn Gai_ S2); copper indium

gallium selenide (CuIn Gai_ Se2); copper gallium sulfide (CuGaS 2) ; copper indium aluminum

selenide (CuIn Ali_ Se2); copper gallium aluminum selenide (CuGa Ali_ Se2) ; copper indium



sulfide zinc sulfide (CuInS
2X

ZnSi_x); and copper indium selenide zinc selenide

(CuInSe2xZnSei_x).

14. The photoluminescence color display of any preceding claim, wherein the red, green and

blue sub-pixel areas comprise a combined layer of said photoluminescence materials and color

filter pigments.

15. The photoluminescence color display of Claim 14, further comprising polarizing layers

and wherein the combined layer is located outside of the polarizing layers.
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