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(57)  Aliquid crystal display and a light source appa-
ratus capable of improving color reproduction compared
to the prior art is disclosed. The light source apparatus
includes: a cold cathode fluorescent tube including a B
phosphor for blue and a G phosphor for green; and a

Light source apparatus and liquid crystal display

light emitting diode for red, wherein the G phosphor emits
a single-spectrum light with a peak wavelength of 510 to
530 nm, and the light emitting diode emits a single-spec-
trum light with a peak wavelength of 620 to 650 nm, and
does not suffer from declining light intensity.
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EP 1 746 458 A2
Description

[0001] The present invention relates to a light source apparatus and a liquid crystal display using such a light source
apparatus.

[0002] In current television receivers (TVs), NTSC (National Television System Committee) system color displays are
standard. When the color reproduction range of a display is narrower than that of NTSC, an image with a narrower color
range than the colors of original signals is displayed, thereby the dynamic range is impaired to cause degradation in
image quality. Recently, in a liquid crystal display (LCD) which is a kind of display, the expansion of the color reproduction
range has been attempted.

[0003] As an indicator of the color reproduction range, a so-called NTSC ratio is used. The NTSC ratio is a ratio of
the area of a color range which can be reproduced by a display with respect to the area of the reproduction range of
NTSC in an xy chromaticity diagram, and the NTSC ratio is represented by the following formula (1):

NTSC ratio (%)=(area S of triangle of display)/(area Sy of NTSC

triangle) (1)

[0004] A specific method of calculating the NTSC ratio will be described below.
[0005] The area S of a triangle representing the color reproduction range in a chromaticity diagram is determined by
the following formulas (2) through (6):

Side RG=[XR—XG)2+(YR—YG)?]12 ...(2)
Side GB=[(XG —XB)2+(YG—YB)2]v2 .3
Side BR=[(XB—XR)2+(YB—YR)2]12 .. (4)

Half-perimeter P=(side RG+side GB+side BR)/2 ...(5)

Area S=lhalf-perimeter P]1/2 ...(6)

[0006] In this case, (XR, YR), (XG, YG) and (XB, YB) represent the vertex coordinates of red (R), green (G) and blue
(B) (R chromaticity point, G chromaticity point and B chromaticity point), respectively in the triangle in the chromaticity
diagram. The sides RG, GB and BR represent a distance between the R chromaticity point and the G chromaticity point,
a distance between the G chromaticity point and the B chromaticity point and a distance between the B chromaticity
point and the R chromaticity point, respectively. In the NTSC system, each vertex coordinate is as follows, so the area
Sy is Sy=0.157.
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XR=0.67, YR=0.33

XG=0.21, YG=0.71

XB=0.14, YB=0.08

[0007] On the other hand, the vertex coordinates (chromaticity points) of a triangle representing the color reproduction
range of a target liquid crystal display panel is determined from spectrum data as follows. Assuming that CIE1931 XYZ
color matching functions are x(A), y(A) and z(A), and the spectrum of a backlight source is, P(A), and the spectral
transmittance of each color filter of the LCD panel is t(A), tristimulus values (X, Y, Z) are determined by the following
formulas (7) through (9). In the formulas, A represents the wavelength of light.

X=fp(A)x(1)z ()AL ...(D

Y= {p(L)y(1)z(1)d 2 ...(8)

Z= {p(1)z(1) < (2)d 2 ...(9)

[0008] The ratios x, y and z of an X component, a Y component and a Z component are determined from these
tristimulus values.

x=X/(X+Y+7Z)

y=Y/X+Y+2Z)

[0009] Then, (x,y) of each color is plotted as each chromaticity point (XR, YR), (XG, YG) or (XB, YB), thereby a triangle
representing the color reproduction range of the liquid crystal display panel can be obtained. The area S of the triangle
is determined by the above-described formulas (2) through (6), and the NTSC ratio is determined by the formula (1).

[0010] In a transmissive illumination system liquid crystal display, as a backlight source, a cold cathode fluorescent
tube (CCFL tube) emitting white light has been heavily used hitherto. In the CCFL tube of this kind, in general, an R
phosphor, a G phosphor and a B phosphor which emit R light, G light and B light, respectively are applied to an inner
tube wall surface, and ultraviolet radiation generated by exciting a sealed noble gas or the like excites each phosphor
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to emit each color light.

[0011] However, in a liquid crystal display using a CCFL tube in related arts as a light source, there is an issue that
mainly due to its light source emission spectrum, the NTSC ratio is low, thereby the color range is narrow, or an issue
in color balance. More specifically, the color B does not have an issue because the color B exceeds the range of the
NTSC system; however, in the color G and the color R, the chromaticity ranges of the colors G and R tend to be narrow,
so an improvement in display is desired.

[0012] In recent years, to improve the color reproduction by expanding a color range or improving color balance, a
technique of combining a CCFL tube and another light source has been proposed (refer to Japanese Patent Application
Publication Nos. 2004-139876, 2005-44756, 2004-294984-and 2004-163902).

[0013] In Japanese Patent Application Publication Nos. 2004-139876 and 2005-44756, a backlight including a com-
bination of a cold cathode fluorescent tube and a light emitting diode (LED) is proposed. The structures of backlights
including a combination of two kinds of light sources are described in Japanese Patent Application Publication Nos.
2004-139876 and 2005-44756; however, the spectrum ranges, the shapes or the peak positions of the light sources
which are factors causing the expansion of the color gamut, or blocking which achieves the expansion of the color gamut
is not described in detail, and the extent of color reproduction which can be obtained is not clarified.

[0014] In Japanese Patent Application Publication No. 2004-294984, a backlight which includes a cold cathode fluo-
rescent tube emitting the colors G and B selected out of the primary colors R, G and B and a LED emitting the color R
is disclosed. In Japanese Patent Application Publication No. 2004-294984, to expand the color gamut, a LED with a
peak wavelength of 630 nm or over is combined instead of an R phosphor of a CCFL tube, thereby the peak wavelength
of the light of the color R is shifted to a long wavelength side to obtain an effect of expanding the color gamut. However,
in the light of the color G, the emission spectrum from the G phosphor of the CCFL tube contains a sub-spectrum
corresponding to orange (with a peak wavelength of 580 nm), so the influence of the sub-spectrum remains, thereby it
is difficult to achieve sufficient expansion of the color gamut. The NTSC ratio calculated based on the description of
Japanese Patent Application Publication No. 2004-294984 is approximately 81%, so there is still room for improvement.In
Japanese Patent Application Publication No. 2004-163902, a technique of improving color reproduction by improving
the characteristics of a color filter of a LCD panel according to light emission characteristics of a CCFL tube as a backlight
is disclosed. According to the technique, an effect by the improvement in the color filter is large, and as the NTSC ratio
calculated based on the description of Japanese Patent Application Publication No. 2004-163902, a high value of 99.1%
is obtained. However, in the technique, the pass-bandwidth of each color filter is narrowed to improve color purity, so a
loss due to light shielding by the color filter is large, thereby as a result, the intensity is declined from 350 cd/m? to 235
cd/m? by approximately 27%. In Japanese Patent Application Publication No. 2004-163902, a method of using a light
source including a combination of a CCFL tube and a LED as a backlight is mentioned, but is not described in detail, so
a structure capable of achieving the expansion of the color gamut is not clarified.

[0015] In view of the foregoing, it is desirable to provide a liquid crystal display and a light source apparatus which
are capable of improving color reproduction compared to those in related arts without a decline in intensity.

[0016] According to an embodiment of the invention, there is provided a light source apparatus including: a cold
cathode fluorescent tube including a B phosphor for blue and a G phosphor for green; and a light emitting diode for red,
wherein the G phosphor emits a single-spectrum light with a peak wavelength of 510 to 530 nm, and the light emitting
diode emits a single-spectrum light with a peak wavelength of 620 to 650 nm.

[0017] According to an embodiment of the invention, there is provided a liquid crystal display including: a light source
apparatus: and a liquid crystal display device displaying an image through the use of light emitted from the light source
apparatus as transillumination light, wherein the light source apparatus includes: a cold cathode fluorescent tube including
a B phosphor for blue and a G phosphor for green; and a light emitting diode for red, and the G phosphor emits a single-
spectrum light with a peak wavelength of 510 to 530 nm, and the light emitting diode emits a single-spectrum light with
a peak wavelength of 620 to 650 nm.

[0018] In the light source apparatus and the liquid crystal display according to the embodiment of the invention, only
the B phosphor and the G phosphor are applied to the cold cathode fluorescent tube, and instead of an R phosphor, the
light emitting diode emitting a single spectrum which has a peak at 620 to 650 nm is used, so an influence of a sub-
spectrum of 595 nm of the R phosphor which is an issue arising in cold cathode fluorescent tubes in related arts is
eliminated.

[0019] In the above-described light source apparatus, in the case where a mercury gas is sealed in the cold cathode
fluorescent tube as an excitation gas, as the G phosphor, a phosphor emitting a single-spectrum light with a peak
wavelength of 510 to 520 nm is preferably used.

[0020] Moreover, in the case where an ultraviolet excitation gas not generating an emission line spectrum in a wave-
length range of visible light is sealed in the cold cathode fluorescent tube as the excitation gas, as the G phosphor, a
phosphor emitting a single-spectrum light with a peak wavelength of 510 to 530 nm can be used. As such an ultraviolet
excitation gas, a xenon gas is preferable. In this case, as the G phosphor, a phosphor emitting a single-spectrum light
with a peak wavelength of 520 to 530 nm can be used.
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[0021] According to another embodiment of the invention, there is provided a light source apparatus as a backlight
source of a liquid crystal display device, the liquid crystal display device including a blue filter, a green filter and a red
filter for displaying a color image, the light source apparatus including: a cold cathode fluorescent tube including a B
phosphor for blue and a G phosphor for green; and a light emitting device for red arranged at a color mixture distance
from the cold cathode fluorescent tube; and a diffusing member diffusing color light emitted from the cold cathode
fluorescent tube and color light emitted from the light emitting device, thereby uniforming an intensity distribution of white
light as a resultant of color mixture of lights, wherein the peak wavelength of spectrum light of the light emitting device
for red is located outside the transmission wavelength range of the green filter. In this case, "the peak wavelength of
spectrum light of the light emitting device for red is located outside the transmission wavelength range of the green filter"
means that the transmittance of the green filter in the peak wavelength is nearly zero.

[0022] According to another embodiment of the invention, there is provided a liquid crystal display including: a liquid
crystal display device including a blue filter, a green filter and a red filter to display a color image; and a light source
apparatus as a backlight source of the liquid crystal display device, wherein the light source apparatus includes: a cold
cathode fluorescent tube including a B phosphor for blue and a G phosphor for green; a light emitting device for red
arranged at a color mixture distance from the cold cathode fluorescent tube; and a diffusing member diffusing color light
emitted from the cold cathode fluorescent tube and color light emitted from the light emitting device, thereby uniforming
an intensity distribution of white light as a resultant of color mixture of lights, wherein the peak wavelength of spectrum
light of the light emitting device for red is located outside the transmission wavelength range of the green filter.

[0023] In the light source apparatus and the liquid crystal display according to another embodiment of the invention,
the light emitting device for red is arranged at a color mixture distance from the cold cathode fluorescent tube, so blue
light and green light emitted from the cold cathode fluorescent tube and red light emitted from the light emitting device
are sufficiently mixed to produce white light. The white light is diffused by the diffusing member so as to become white
light with an uniformed intensity distribution. Moreover, the spectrum peak wavelength of red light emitted from the light
emitting device for red is set so as to be located outside the transmission wavelength range of the green filter, so a part
of red light can be prevented from passing through the green filter.

[0024] In the liquid crystal display and the light source apparatus according to the embodiment of the invention, only
the B phosphor and the G phosphor are applied to the cold cathode fluorescent tube, and the light emitting diode emitting
a single-spectrum light which has a peak at 620 to 650 nm is used instead of the R phosphor, so color reproduction can
be improved more than that in related arts without declining intensity.

[0025] Moreover, in the liquid crystal display and the light source apparatus according to another embodiment of the
invention, the spectrum peak wavelength of red light emitted from the light emitting device for red light is located outside
the transmission wavelength range of the green filter, so red light is almost perfectly blocked by the green filter, thereby
red can be prevented from being mixed into a green pixel. As a result, compared to related arts, the color reproduction
can be improved. Moreover, blue light and green light emitted from the cold cathode fluorescent tube and red light emitted
from the light emitting device are sufficiently mixed, and then diffused by the diffusing member, so white light with a
uniform intensity distribution can be obtained, and a decline in color reproduction due to variations in intensity can be
prevented.

[0026] Preferably, the light source apparatus emits white light.

[0027] Various respective aspects and features of the invention are defined in the appended claims. Features from
the dependent claims may be combined with features of the independent claims as appropriate and not merely as
explicitly set out in the claims.Other and further objects, features and advantages of the invention will appear more fully
from the following description.

[0028] Theinventionwillnow be described by way of example with reference to the accompanying drawings, throughout
which like parts are referred to by like references, and in which:

FIG. 1 is a sectional view of a main part of a liquid crystal display according to an embodiment of the invention;
FIG. 2 is a table showing the structures of main parts of light source apparatuses of Comparative Examples 1 and
2 and Examples 1 through 3;

FIG. 3 is a plot showing the spectrum of the light source apparatus of Example 1 and color filter characteristics of
a LCD panel;

FIG. 4 is a plot showing the spectrum of the light source apparatus of Example 2 and color filter characteristics of
a LCD panel;

FIG. 5 is a plot showing the spectrum of the light source apparatus of Example 3 and color filter characteristics of
a LCD panel;

FIG. 6 is a chromaticity diagram showing the color gamuts of the light source apparatuses of Examples 1 through 3;
FIG. 7 is a plot showing the emission spectrum of a G-color phosphor used in a CCFL tube of Example 3;

FIG. 8 is a plot showing the spectrum of the light source apparatus of Comparative Example 1 and color filter
characteristics of a LCD panel;
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FIG. 9 is a plot showing the spectrum of the light source apparatus of Comparative Example 2 and color filter
characteristics of a LCD panel;

FIG. 10 is a chromaticity diagram showing color gamuts of the light source apparatuses of Comparative Examples
1 and 2;

FIG. 11 is a plot showing the emission spectrum of an R-color phosphor used in a CCFL tube of Comparative
Example 1;

FIG. 12 is a plot showing the emission spectrum of each color phosphor used in a CCFL tube of Comparative
Example 2 and the emission spectrum of mercury;

FIG. 13 is a sectional view of a main part of a liquid crystal display-according to a modification; and

FIG. 14 is a block diagram of the whole structure of the liquid crystal display according to the embodiment of the
invention.

[0029] FIG. 14 shows a block diagram of the whole liquid crystal display including a light source apparatus according
to an embodiment of the invention. A liquid crystal display 100 includes a LCD panel 1, an optical part 2 and a light
source apparatus 6, and further includes an image processing portion 131 which perform various signal processing, a
LCD control portion 132 which controls the LCD panel 1 or the like, an image memory 133 which stores an image signal,
a light source lighting device 134 which controls the lighting of the light source apparatus 6, and a Y driver 138 and an
X driver 139 which both drive the LCD panel 1.

[0030] FIG. 1 shows a sectional view of a main part of the liquid crystal display 100. The liquid crystal display 100 has
a so-called direct-type backlight structure, and the optical part 2 is arranged directly below the LCD panel 1, and the
light source apparatus 6 including a CCFL tube 3 and a LED 4 is arranged directly below the optical part 2. The light
source apparatus 6 is supported by an enclosure 5.

[0031] The LCD panel 1 is a transmissive liquid crystal panel, and includes a common transparent electrode (not
shown) and a plurality of pixel electrodes (not shown) arranged in a matrix form on the transparent electrode with a liquid
crystal layer (not shown) in between. A color filter layer (not shown) corresponding to each of colors B, G and R is formed
in each pixel electrode.

[0032] The optical part 2 is fixed through pressing a peripheral portion of the optical part 2 against a peripheral portion
of the enclosure 5 by a supporting part 11 with a spacer (not shown) in between. The LCD panel 1 is fixed through
pressing a peripheral portion of the LCD panel 1 against the supporting part 11 by a supporting part 12. A reflective
sheet 7 is arranged on an inner surface of the enclosure 5, and a plurality of CCFL tubes 3 and a plurality of LEDs 4 are
arranged on reflective sheet 7. As the reflective sheet 7 is arranged, light emitted from the CCFL tubes 3 to a back
surface side (a side opposite to the LCD panel 1) can be also used.

[0033] The CCFL tubes 3 each have a straight pipe shape, and are arranged at equal intervals. The inner tube wall
surfaces of the CCFL tubes 3 are coated with a B phosphor and a G phosphor, but not with an R phosphor. An excitation
gas which emits ultraviolet radiation at the time of gas discharging is sealed in the CCFL tubes 3, and the generated
ultraviolet radiation strike the B phosphor and the G phosphor to excite them, thereby to emit B-color light and G-color
light. The emission spectrum characteristics of the CCFL tube 3 will be described in detail later.

[0034] In general, the LEDs 4 are used instead of an R phosphor which is applied to the inner tube wall surfaces of
the CCFL tubes 3 to emit R-color light, and the LEDs 4 emit R-color light with a single spectrum. As shown in FIGs. 3
through 5, the wavelength of an emission spectrum peak PR3 of each LED 4 is located outside a transmission wavelength
range CFG of a green filter in the above-described color filter layer of CLD panel 1: In other words, the transmittance of
the green filter in the wavelength position of the peak PR3 is nearly zero. Therefore, red light can be prevented from
passing through the green filter. The description about this will be given later.

[0035] The optical part 2 includes a polarizing/reflecting sheet 21, a prism sheet 22, a diffusion sheet 23 and a diffusion
plate 24 in order from the LCD panel 1. The diffusion sheet 23 and the diffusion plate 24 are arranged at a sufficient
diffusion distance from the light source apparatus 6, and diffuse light from the light source apparatus 6 so as to uniform
anintensity distribution. Thereby, linear intensity variations due to the CCFL tubes 3 as line light sources can be prevented.
The prism sheet 22 has a function of adjusting the directivity of diffused incident light so as to improve the intensity of
the front surface of the LCD panel 1. The polarizing/reflecting sheet 21 multiply reflects an s-polarized wave of an incident
light wave to convert the reflected s-polarized wave into a p-polarized wave which matches the transmission axis of the
LCD panel 1, thereby to use the incident light without waste. The thickness of the whole backlight structure is adjusted
according to the pitch between the CCFL tubes 3 and the diffusion distance to bring variations in intensity and thickness
into balance.

[0036] A plurality of the LEDs 4 are arranged between the CCFL tubes 3 at equal intervals at a distance enabling color
mixture of lights from the CCFL tubes 3, thereby light variations in the LEDs 4 as point light sources can be prevented.
A portion of each LED 4 except for a light-emitting portion is covered with the reflective sheet 7 so as not to prevent
back diffusion from the CCFL tubes 3. As thermal design, to maintain the operation temperature of the CCFL tubes 3
at 65 to 80 degrees and the operation temperature of the LEDs 4 at 65 degrees or less, the enclosure 5 is made of a
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metal (for example, an AL alloy) to secure heat radiation characteristics. The CCFL tubes 3 are arranged on the enclosure
5 as a radiator plate with air and the reflective sheet 7 in between, so the CCFL tubes 3 has large thermal resistance.
On the other hand, the LEDs 4 are directly arranged on the enclosure 5, so the LEDs 4 has small thermal resistance.
When the LEDs 4 are of the direct type, compared to the case where a light guide plate which will be described later is
used, the brightness is more easily adjusted by increasing the number of LEDs 4. Moreover, as the light guide plate is
not used, the direct type is suitable for large high-intensity TVs.

[0037] Next, the operation of the liquid crystal display with the above structure will be described below.

[0038] As shown in FIG. 14, an image signal Vsig generated by reception or reproduction is inputted into the image
processing portion 131. The image processing portion 131 achieves separation between an image data signal and a
sync signal to transmit an X-direction (horizontal scanning direction) image data signal of each scanning line to the image
memory 133, and to send a sync signal to the LCD control portion 132. The LCD control portion 132 sends a control
signal for controlling the Y driver 138 and the X driver 139 and a control signal for controlling the light source lighting
device 134.

[0039] The light source lighting device 134 controls the lighting operation of the light source apparatus 6 by the control
signal from the LCD control portion 132. The optical part 2 performs an optical process which will be described later on
light emitted from the light source apparatus 6 to project the light on the back surface of the LCD panel 1. In the LCD
panel 1, the Y driver 138 selects horizontal scanning lines which display an image on a line-by-line basis, and the X
driver 139 controls the amount of transmitted light according to a value stored in the image memory 133. Thereby, in
the LCD panel 1, an image according to the image signal Vsig is displayed in a position according to the sync signal
included in the image signal Vsig.

[0040] As showninFIG. 1, while B-color light and G-color light emitted from the CCFL tubes 3 and R-color light emitted
from the LEDs 4 go the color mixture distance, they are mixed to enter the optical part 2 as white light. While the white
light passes through the optical part 2, the white light is subjected to the actions of uniforming the intensity distribution,
providing front directionality, making an sp polarization conversion or the like, and then the white light enters the LCD
panel 1. The LCD panel 1 performs transmission intensity modulation on each pixel according to an image signal inputted
from an image processing circuit (not shown). At this time, color filters for B, G and R (not shown) of the LCD panel 1
selectively allow a B-color wavelength range, a G-color wavelength range and an R-color wavelength range in the white
light entering from the optical part 2 to pass therethrough. Thereby, a color image is displayed.

[0041] Next, the emission spectrum characteristics of the CCFL tubes 3 and the LEDs 4 in the light source apparatus
6 will be described below together with the spectral transmission characteristics of the color filters of the LCD panel 1.
Comparative Examples 1 and 2 will be described before describing Examples 1 through 3 according to the embodiment.
[0042] FIG. 2 shows a table of the structure of main parts of light source apparatuses of Comparative Examples 1
and 2 and Examples 1 through 3. FIG. 2 shows kinds of light sources (phosphor or LED) for B-color light, G-color light
and R-color light and the spectrum peak wavelengths of B-color light, G-color light and R-color light. Moreover, in the
examples, used excitation gases and obtained NTSC ratios are shown.

[Comparative Example 1]

[0043] FIG.8shows the spectrum of the light source apparatus of Comparative Example 1 and color filter characteristics
ofthe LCD panel. In the plot, the horizontal axis indicates wavelength (nm), and a vertical axis indicates emission intensity
of the emission spectrum of the light source (right vertical axis) and the transmittances of the color filters of the LCD
panel (left vertical axis). The unit of the vertical axis is an arbitrary unit.

[0044] In the example, as shown in FIG. 2, as the light source apparatus, only a CCFL tube using a B phosphor, a G
phosphor and an R phosphor is used, and as an excitation gas, mercury (Hg) is used. As -the B phosphor, a
BaMgAl,(O4,-based phosphor (LP-B4 of Kasei Optonix, Ltd.) is used, and as the G phosphor, LaPO,:Ce, Tb (LP-G2
of Kasei Optonix, Ltd.) is used. As the R phosphor, Y,04:Eu (LP-RE1 of Kasei Optonix, Ltd.) is used. In FIG. 8, W1
indicates the emission spectrum of the whole CCFL tube, and CFB, CFG and CFR indicate the spectral transmission
spectrums of color filters for B, G and R of the LCD panel, respectively.

[0045] In the emission spectrum W1 of the CCFL tube, a peak PB of 450 nm is the peak of the B phosphor, and a
peak PG1 of 545 nm is the peak of the G phosphor. A peak PR1 of 613 nm is the peak of the R phosphor. As the
excitation gas, Hg is used, so emission line spectrums are included in visible light around 404 nm, 436 nm, 546 nm and
578 nm. Among these emission line spectrums of Hg, an emission line spectrum of 546 nm matches the peak PG1 of
the G phosphor.

[0046] The color gamut in the case where the CCFL tube is used as a backlight is shown by T1 (by a long dashed
line) in a chromaticity diagram shown in FIG. 10. In FIG. 10, the horizontal axis indicates x chromaticity, and the vertical
axis indicates y chromaticity. TN indicates the NTSC color gamut. In the example, the NTSC ratio is as low as 74.9%
(refer to FIG. 2), and the color gamut is narrow. The color B exceeds the NTSC color gamut, so the color B has no issue;
however, in the color G and the color R, the chromaticity is narrow, so an improvement is desired as a display.
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[0047] The cause of the narrow color gamut in Comparative Example 1 is considered as follows.

[0048] A factor determining the xy chromaticity points of R, G and B which determine the color gamut is, in the case
of the LCD panel, to what extent the spectrum of the backlight interferes in each color wavelength range of the spectral
transmittance of the color filters of the LCD panel. In the example shown in FIG. 8, in light from the G phosphor of the
CCFL tube, in addition to a main spectrum PG1 of 545 nm, a sub-spectrum PGS1 is observed at around 580 nm.
Therefore, an orange-tinted color which is a mixture of 545-nm emission and 580 nm emission from the G phosphor is
included in the wavelength range of the G-color filter of the LCD panel, thereby the color gamut of the color G is reduced.
The sub-spectrum PGS1 of around 580 nm from the G phosphor is also included in the wavelength range of the R-color
filter of the LCD panel, so the sub-spectrum PGS1 is mixed with the main spectrum PR1 of 613 nm from the R phosphor,
thereby as a result, the color gamut of the color R is also reduced.

[0049] Moreover, the narrow color gamut in Comparative Example 1 is also caused by the emission spectrum from
the R phosphor of the CCFL tube. FIG. 11 is a plot showing the emission spectrum of the R phosphor used in the CCFL
tube of Comparative Example 1. As shown in the plot, in addition to a main spectrum PR1 of 613 nm, sub-spectrums
PRS1 and PRS2 are observed at around 590 nm and 545 nm, respectively, and the sub-spectrums PRS1 and PRS2
are included in the band of the color filter for the color R, so they cause a reduction in the color gamut of G-color light.

[Comparative Example 2]

[0050] FIG. 9 shows the spectrum of the light source apparatus of Comparative Example 2 and the color filter char-
acteristics of the LCD panel. The meanings of the horizontal axis and the vertical axis are the same as those in FIG. 8.
[0051] In the example, as shown in FIG. 2, as in the case of Comparative Example 1, as the light source apparatus,
a CCFL tube using a B phosphor, a G phosphor and an R phosphor is only used, and mercury is used as the excitation
gas. However, unlike Comparative Example 1, as the G phosphor, BaMgAl,,O4,-based phosphor (LP-G3 of Kasei
Optonix, Ltd.) is used, and as the R phosphor, YV ,05:Eu (MGV-620 of Kasei Optonix, Ltd.) is used. The same phosphor
as that in Comparative Example 1 is used as the B phosphor. In FIG. 9, W2 indicates the emission spectrum of the
whole CCFL tube. The meanings of CFB, CFG and CFR are the same as those in Comparative Example 1 (referto FIG. 8).
[0052] In the emission spectrum W2 of the CCFL tube, a peak PB of 450 nm is the peak of the B phosphor, and a
peak PG2 of 514 nm is the peak of the G phosphor. A peak PR2 of 620 nm is the peak of the R phosphor. As Hg is used
as the excitation gas, emission line spectrums are included in visible light around 404 nm, 436 nm, 546 nm and 578 nm.
[0053] The color gamut in the case where the CCFL tube is used as a backlight is shown by T2 (by a short dashed
line) in the chromaticity diagram shown in FIG. 10. In the example, the NTSC ratio is 92.8% (refer to FIG. 2), and the
color gamut is much improved, compared to Comparative Example 1. It can be considered that as the G phosphor
emitting light having a single peak PG2 at around 514 nm is used, the influence of the sub-spectrum of around 580 nm
from the G phosphor of the CCFL tube in Comparative Example 1 is reduced, and the color gamut of the color G is
improved. Moreover, it can be considered that the color gamut of the color R is improved through shifting the peak PR1
from around 614 nm in Comparative Example 1 to 620 nm (PR2). However, as shown in FIG. 12, the emission spectrum
from the R phosphor includes a sub-spectrum PRS3 of 595 nm, so a factor which causes a reduction in the color gamut
still remains. FIG. 12 shows the emission spectrum of each color phosphor used in the CCFL tube of Comparative
Example 2 and the emission line spectrum of mercury. In FIG. 12, SB, SG and SR indicate emission spectrums of the
B phosphor, the G phosphor and the R phosphor, respectively, and SH indicates the emission line spectrum of mercury.
[0054] In the chromaticity diagram shown in FIG. 10, T3 (a dashed-dotted line) indicates the color gamut of a liquid
crystal display in Japanese Patent Application Publication No. 2004-163902, and T4 (a dashed-two dotted line) indicates
the color gamut of a liquid crystal display in Japanese Patent Application Publication No. 2004-294984.

[0055] In consideration of Comparative Examples 1 and 2, Examples 1 through 3 are formed.

[Examples 1]

[0056] FIG. 3 shows the spectrum of the light source apparatus of Example 1 and the color filter characteristics of the
LCD panel. The meanings of the horizontal axis and the vertical axis are the same as those in FIG. 8.

[0057] Inthe example, as the light source apparatus, a combination of the CCFL tube 3 to which the B phosphor and
the G phosphor are applied and the LED 4 is used, and as the excitation gas, mercury is used. The B phosphor and the
G phosphor of the CCFL tube 3 are the same as those in Comparative Example 2, and the LED 4 is a AlinGaP-based
red light emitting diode (refer to FIG. 2). In FIG. 3, W3 indicates the emission spectrum of the combination of the CCFL
tube and the LED. The meanings of CFB, CFG and CFR are the same as those in Comparative Example 1 (refer to FIG. 8).
[0058] In the emission spectrum W3, a peak PB of 450 nm is the peak of the B phosphor of the CCFL tube 3. A peak
PG2 of around 510 to 520 nm (around 514 nm in FIG. 3) is a single spectrum with a half-width of 30 nm or less, and is
the peak of the G phosphor of the CCFL tube 3. A peak PR3 of 620 to 650 nm (around 638 nm in FIG. 3) is a single
spectrum with a half width of 25 nm or less, and is the peak of the LED 4. As Hg is used as the excitation gas, emission
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line spectrums are included in visible light around 404 nm, 436 nm, 546 nm and 578 nm.

[0059] InExample 1, as afirst light source, the CCFL tube is used; however, the R phosphor is not used, so a spectrum
longer than 585 nm is removed. Moreover, as the G phosphor which emits an emission spectrum having a peak at 510
to 520 nm is used, an issue caused by the sub-spectrum PGS 1 of 580 nm in Comparative Example 1 (refer to FIG. 8)
is reduced. On the other hand, as a second light source, the LED 4 in which the wavelength of the peak (PR3) has a
single spectrum of 620 to 650 nm is used, so the influence of the sub-spectrum PRS3 of 595 nm from the R phosphor
which causes anissue in Comparative Example 2 (refer to FIG. 9) is eliminated. Moreover, the wavelength of the emission
spectrum peak PR3 of the LED is located outside the transmission wavelength range CFG of the green filter of the LCD
panel 1, so a part of red light can be prevented from passing through the green filter, thereby red can be prevented from
being mixed into a green pixel, so color reproduction can be improved.

[0060] The color gamut in the case where such a light source is used as the backlight is as shown by T5 (a long
dashed line) in the chromaticity diagram in FIG. 6. In the example, the color gamuts of the colors G and R expand so
as to achieve a NTSC ratio of 101.3% (refer to FIG. 2), so compared to Comparative Examples 1 and 2, the color gamut
is remarkably improved. In addition, TN in FIG. 6 indicates the NTSC color gamut.

[Example 2]

[0061] FIG. 4 shows the spectrum of the light source apparatus of Example 2 and the color filter characteristics of the
LCD panel. The meanings of the horizontal axis and the vertical axis is the same as those in FIG. 8.

[0062] In the example, as the light source, a combination of the CCFL tube 3 to which the B phosphor and the G
phosphor are applied and the LED 4 is used, and as the excitation gas, xenon (Xe) which is a noble gas is used (refer
to FIG. 2). Other structures are the same as those in Example 1. In FIG. 4, W4 indicates the emission spectrum of the
combination of the CCFL tube 3 and the LED 4. The meanings of CFB, CFG and CFR are the same as those in
Comparative Example 1 (refer to FIG. 8).

[0063] In the example, as xenon which is a noble gas is used as the excitation gas instead of mercury, the emission
line spectrums of around 404 nm, 436 nm, 546 nm and 578 nm which are unique to mercury disappear. The color gamut
in the case where the light source is used as a backlight is shown by T6 (a short dashed line) in the chromaticity diagram
in FIG. 6. In the example, as the emission line spectrum of 546 nm of mercury does not exist, the peak PG2 of 510 to
520 nm of the G phosphor is a single spectrum, and the color gamut of the color G further expands to achieve an NTSC
ratio of 104.5% (refer to FIG. 2). Moreover, in the example, the wavelength of the emission spectrum peak PR3 of the
LED is located outside the transmission wavelength range CFG of the green filter of the LCD panel 1, so red can be
prevented from being mixed into a green pixel, and color reproduction is improved.

[Example 3]

[0064] FIG. 5 shows the spectrum of the light source apparatus of Example 3 and the color filter characteristics of the
LCD panel. The meanings of the horizontal axis and the vertical axis are the same as those in FIG. 8.

[0065] In the example, as in the case of Example 2, as the light source, a combination of the CCFL tube 3 to which
the B phosphor and the G phosphor are applied and the LED 4 is used, and as the excitation gas, xenon which is a
noble gas is used (refer to FIG. 2). However, unlike Example 2, as the G phosphor, a G phosphor Zn,SiO4:Mn (P1G of
Kasei Optonix, Ltd) used in a PDP (plasma display panel) is used. As shown in FIG. 7, the emission spectrum from the
G phosphor has a single spectrum with a peak wavelength of 520 to 530 nm and a half width of 45 nm or less. Other
structures are the same as those in Example 2. In addition, in FIG. 5, W5 indicates the emission spectrum of the
combination of the CCFL tube 3 and the LED 4. The meanings of CFB, CFG and CFR are the same as those in
Comparative Example 1 (refer to FIG. 8).

[0066] The color gamut in the case where the light source is used as a backlight is as shown by T7 (a dashed-dotted
line). In Example 2, as a noble gas except for mercury is used as the excitation gas, so the color gamut expands; however,
the peak wavelength of the emission spectrum of the G phosphoris 510 to 520 nm, which is too close to a short wavelength
side, so an issue that the peak wavelength is shifted to the left from the G-color gamut in the NTSC color gamut arises.
On the other hand, in Example 3, the peak PG3 of the single spectrum of the G phosphor is 520 to 530 nm, and is shifted
to a long wavelength side, so a shift of the G-color gamut to the left (color phase shift) on the chromaticity diagram is
prevented. However, the half width of the single spectrum of the G phosphor is slightly wider than that in Example 2, so
the G-color gamut is slightly narrower, so the NTSC ratio is 98%. However, 98% is nearly equal to the NTSC color gamut,
so the color reproduction is sufficient. Moreover, in the example, the wavelength of the emission spectrum peak PR3 of
the LED is located outside the transmission wavelength range CFG of the green filter of the LCD panel 1, so red can
be prevented from being mixed into a green pixel, and the color productivity is improved.

[0067] Thus, in the embodiment, a combination of the CCFL tube 3 to which the B phosphor and the G phosphor are
applied and the R phosphor is not applied and the LED 4 is used as the light source apparatus, so an influence of the
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sub-spectrum of 595 nm of the R phosphor which is an issue arising in the CCFL tube of Comparative Example 2 is
eliminated, thereby the color gamut can be expanded. More specifically, in Examples 1 and 2, the G phosphor which
emits an emission spectrum having a peak at 510 to 520 nm is used, so an adverse influence due to the sub-spectrum
of 580 nm which is an issue arising in Comparative Example 1 can be reduced, and the G phosphor has an effect on
the expansion of the color gamut. Specifically in Example 2, a noble gas such as xenon instead of mercury is used as
the excitation gas, so the emission line spectrum unique to mercury is eliminated, thereby the peak of 510 to 520 nm of
the G phosphor is a single spectrum, so the color gamut of the color G further expands. Moreover, in Example 3, the
peak of the single spectrum of the G phosphor is shifted to a longer wavelength side than that in Examples 1 and 2, so
a shift of the G-color gamut to the left (color phase shift) on the chromaticity diagram is prevented, so superior color
reproduction can be achieved. Further, the peak wavelength of the red light (the single spectrum) from the LED 4 is
located outside the transmission wavelength range of the green filter of the LCD panel 1, so red is, prevented from being
mixed into a green pixel, thereby the color gamut expands (the color reproduction is improved).

[0068] In the embodiment, the LEDs 4 are directly arranged between the CCFL tubes 3, and the light guide plate is
not used, so in particular, the LEDs 4 are suitable for large high-intensity TVs. Moreover, the LEDs 4 are arranged at a
distance enabling color mixture of lights from the CCFL tube 3, and a diffusion part such as the diffusion plate 24 is
arranged in a latter stage, so blue light and green light from the CCFL tube 3 and red light from the LED 4 are sufficiently
mixed, and then they can be diffused. Therefore, white light with a uniform intensity distribution can be obtained, and a
decline in color reproduction due to variations in intensity can be prevented.

[0069] Moreover, in the embodiment, the color G and B are generated through the use of the CCFL tube with a higher
light emission efficiency than that of a backlight including only the LED, and the R-color LED with a high light emission
efficiency among LEDs is used to generate the color R, so power consumption can be smaller than the backlight including
only the LED.

[0070] Although the invention is described referring to the embodiment, the invention is not limited to the embodiment,
and can be variously modified. For example, instead of the direct type in which the LEDs are directly arranged between
the CCFL tubes shown in FIG. 1, as shown in FIG. 13, a plurality of LEDs 4 may be arranged along a side end surface
of a light guide plate 42 arranged on the back sides of the CCFL tubes 3. A surface light source is formed through the
use of the light guide plate 42, so it is not necessary to strictly consider the distance which enables color mixture of lights
from the LEDs 4 and the lights from CCFL tubes 3, thereby as a result, the thickness of the backlight can be easily
reduced. In the light guide plate type, a LED light source is arranged in a light guide plate edge, so the brightness is
limited; however, only the color R among the colors R, G and B passes through the light guide plate, so the brightness
is just 1/3 of the brightness of white light produced by mixing the colors R, G and B. Therefore, in the case where the
light guide plate type is applied to a TV, no issue arises. As thermal design, compared to direct type, the LED light source
can be concentrated, so there is an advantage that they can be easily cooled.

[0071] Moreover, in the embodiment, the case where the light source apparatus is applied to the direct type liquid
crystal display is described; however, the invention is not limited to the case, and the invention can be applied to a
projection type display. Further, the invention can be applied to not only the transmissive liquid crystal display but also
areflective liquid crystal display. In addition, for example, the light source apparatus can be used for any other applications
such as a lighting system as an indoor lighting fixture.

[0072] It should be understood by those skilled in the art that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements and other factors insofar as they are within the scope of
the appended claims or the equivalents thereof.

[0073] Insofarasthe embodiments of the invention described above are implemented, at least in part, using software-
controlled data processing apparatus, it will be appreciated that a computer program providing such software control
and a transmission, storage or other medium by which such a computer program is provided are envisaged as aspects
of the present invention.

Claims

1. Alight source apparatus comprising:

a cold cathode fluorescent tube including a B phosphor for blue and a G phosphor for green; and
a light emitting diode for red,

wherein the G phosphor emits a single-spectrum light with a peak wavelength of 510 to 530 nm, and
the light emitting diode emits a single-spectrum light with a peak wavelength of 620 to 650 nm.

2. The light source apparatus according to claim 1, wherein
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A mercury (Hg) gas is sealed in the cold cathode fluorescent tube as an excitation gas, and
the G phosphor emits a single-spectrum light with a peak wavelength of 510 to 520 nm.

The light source apparatus according to claim 1, wherein

an ultraviolet excitation gas not generating an emission line spectrum in a wavelength range of visible light is sealed
in the cold cathode fluorescent tube as an excitation gas, and

the G phosphor emits a single-spectrum light with a peak wavelength of 510 to 530 nm.

The light source apparatus according to claim 3, wherein
the ultraviolet excitation gas is a xenon (Xe) gas.

The light source apparatus according to claim 4, wherein
the G phosphor emits a single-spectrum light with a peak wavelength of 520 to 530 nm.

A liquid crystal display comprising:

a light source apparatus: and
a liquid crystal display device displaying an image through the use of light emitted from the light source apparatus
as transillumination light,

wherein the light source apparatus includes:

a cold cathode fluorescent tube including a B phosphor for blue and a G phosphor for green; and
a light emitting diode for red, and

the G phosphor emits a single-spectrum light with a peak wavelength of 510 to 530 nm, and

the light emitting diode emits a single-spectrum light with a peak wavelength of 620 to 650 nm.

A light source apparatus as a backlight source for a liquid crystal display device, the liquid crystal display device
including a blue filter, a green filter and a red filter for displaying a color image, the light source apparatus comprising:

a cold cathode fluorescent tube including a B phosphor for blue and a G phosphor for green; and

a light emitting device for red, arranged at a distance from the cold cathode fluorescent tube, the distance
enabling color mixture of lights; and

a diffusing member diffusing color light emitted from the cold cathode fluorescent tube and color light emitted
from the light emitting device, thereby uniforming an intensity distribution of white light as a resultant of color
mixture of lights,

wherein the peak wavelength of spectrum light of the light emitting device for red is located outside the transmission
wavelength range of the green filter.

A liquid crystal display comprising:

a liquid crystal display device including a blue filter, a green filter and a red filter to display a color image; and
a light source apparatus as a backlight source for the liquid crystal display device,

wherein the light source apparatus includes:

a cold cathode fluorescent tube including a B phosphor for blue and a G phosphor for green;

a light emitting device for red, arranged at a distance from the cold cathode fluorescent tube, the distance
enabling color mixture of lights; and

a diffusing member diffusing color light emitted from the cold cathode fluorescent tube and color light emitted
from the light emitting device, thereby uniforming an intensity distribution of white light as a resultant of color
mixture of lights,

wherein the peak wavelength of spectrum light of the light emitting device for red is located outside the transmission
wavelength range of the green filter.
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[EXAMPLE 3]

ALISNIINI NOISSIN3

(e o] ~ [{=]
o o o o o .
TLoh o AL =
1 ] t ! 1] 1
1 ' t ' ' 0 (=]
e T S L R o (o]
] ] ] ] t [ 1 <O
] ] I 1 1
1 ) ) ! ' (oo
it aindie Salind tiadiel it lhe o
' i ) ) [ ﬂ ©
=
oo ©
] ] 1 ] . ] 0
S S
' ' ' o3
' ] ] ] T t ()
JE T S E N TG S S
1 [ ' ' ' ' |
' ' 1 | [ ' | | ' «©
[} [} [} [} [ [} [} 1 t - ()
B L T T e e e R T T R e 0
] ¥ ] ] ] ] ) -\\_ ' t t 5
! t ] ]
" " " " " " __ 4 ! t ' ' o
il et Rl et Dl R o VN|1||_||4||.||._|| ©
1 ) { 1 | [ ( 1 t : 1 ) Lo
1 ' t | 1 ' ' ' N )
] ] 1 1 ] ' ] ] ] G I 0
it aiade Tt diteriufis Sl v Bl sl il <t
| 1 T 4> 3N O R ' Lo
' 1 ' L, 4~ ' ) 1 o
e e e A ol 1 Ry e s Nigbe N
L0
] ' ] ] ] .\ t 1 ] 1
' ' | ' t ' ' 1 ' '
SRR W VD TN SR WU W 3 GRS SN I U4 m
' t | ' ' | ] | i 4 Lo
[ 1 | 1 ) 1 [ R 4
t b [} [} ' 1 1 _\f_. O
B i B e e R o0
A I
. [ 1 ey PN a- o
|uTlJl|..||_:|..._Ll......|_.|w.~..|| ({=]
{ ' 1 1 1 (Y| <r
' 1 1 O ) 7; o
SR S S S N 4
1 | ' 1 1 1 ' | g <t
1 t ) | (.
--".-.“,-".--.-J_--“i._--_ﬂ----T'- S <
] ol
" “ “ “ 1 “ “ ' ' 1 “ ' <r
——- — 'l — [l — 1 — 1 — L _ 1 _ 1 — /] _ 1 — ] — 1 — S | m
<

T O AN OO~ QU TMAN—O

p— oy y— gy

JONVILINSNYYL TVISAYO 4INoIt

WAVELENGTH (nm)

FIG.5

co
i -
—— " S
—_—No !
TRTRITE .
o e o R _ S
oo, i !
- '
<<= !
<> ! i e
—u—l.——u—l.—_..._-“_ 1 \ 0.
owr~ | !
— = | !
! | Lo
.. o | .
1 ! o
! I
i
; <t
......... i L :
' o
1
]
.......... W/ o .
o
........... o~
o
................... —
" ! ! ! o
! | ] ]
1 1
| _ | _ o
o w M~ © ;L T MmN o~ 09
c © ©o o © o ©o o o o

FIG. 6

16



EP 1746 458 A2

L 914

(WU) HIONTTIAVM

08L 09L 0L 0ZL 00L 089 099 O¥9 029 009 08S 095 OFS 025005 08Y 09¥ O¥Y 0CY 00V 0BE
T T T T T T . 000

s
-4
-
e

]
]
]
'
]
1
i
¥

[}
[}
i
b
1
i
t

00

T T T SR
I
|
I
e e

|

¥0 0

--—190 0

-2 =g U [ e |

|
|
1
B e R
|
|

b - - ——— - — - - == —_————— ——— —- e — e ——— . —— . ———

--—80°0

=010

1
1
L
[
1
|
R i A R i L ] s R

g S U A o
'
'
1
it Sfindaddi il et S it Bl ddidddididi
1
1
1
1
l
e A R L e e R L R e
l
1
!
T R O S S U
1
'
i

Rl ittt e I Rt I R i R I

¢lLo

17

ALISNIINI NOISSIWS



EP 1746 458 A2

[COMPARAT IVE EXAMPLE 1]
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