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ABSTRACT
A light source device including light-emitting diodes (LEDS)
and a carrier is provided. Chromaticities of some LEDs fall in
a ?rst area of a chromaticity coordinate diagram, While chro
maticities of the other LEDs fall in a second area of the

chromaticity coordinate diagram. The second area and the
?rst area are point symmetric to a White center of the chro

LTD., Taoyuan (TW)

maticity coordinate diagram. A chromaticity coordinate
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12/542,705

(22) Filed:

Aug. 18, 2009

Value farthest from the White center in the ?rst area is Q( l,Yl),
and a chromaticity coordinate Value farthest from the White
center in the second area is (X2, Y2), Wherein 0.06§|X1—

(30)

Foreign Application Priority Data

May 22, 2009

210

(TW) ................................. .. 98117173

X52003 and 0.06§|Yl—Y2|§0.03. The LEDs are disposed
on the carrier, and a chromaticity difference of any tWo adja

cent LEDs in the chromaticity coordinate diagram is (AX,
AY), Wherein |AX|§0.01 and |AY|§0.01.
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DISPLAY APPARATUS AND LIGHT SOURCE
DEVICE USED IN THE DISPLAY APPARATUS
CROSS-REFERENCE TO RELATED
APPLICATION

[0001]

This application claims the priority bene?t of Tai

Wan application serial no. 98117173, ?led May 22, 2009. The

entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of speci?
cation.
BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention
[0003] The present invention relates to a display apparatus
and a light source device used in the display apparatus. More
particularly, the present invention relates to a display appara

second area and the ?rst area are point symmetric to a White

center of the chromaticity coordinate diagram. A ?rst chro
maticity coordinate value farthest from the White center in the
?rst area is (X1, Y1), and a second chromaticity coordinate
value farthest from the White center in the second area is 0%,

Y2), Wherein 0.06; |Xl—X2|§0.03 and 0.06§|Y1—Y2| Z0.
03. The LEDs are disposed on the carrier, and a chromaticity

difference of any tWo adjacent LEDs in the chromaticity

coordinate diagram is (AX, AY), Wherein IAXI 20.01 and
IAYI 20.01.
[0011] In an embodiment of the present invention, the car
rier is a printed circuit board or a metal board.

[0012] In an embodiment of the present invention, the car
rier is a bar-shape carrier.
[0013] In an embodiment of the present invention, the
LEDs are arranged in a line.

[0014]

In an embodiment of the present invention, the

tus having a high cost-effectiveness and a light source device

LEDs are arranged in an array.

used in the display apparatus.
[0004] 2. Description of RelatedArt
[0005] Since a light-emitting diode (LED) has advantages

[0015] The present invention provides a display apparatus
including the aforementioned light source device, a display
panel and a substrate. The display panel has a display area and

of long lifespan, small-siZe, high shock-resisting capability,
loW heat-irradiation and loW poWer consumption, etc., it has

been Widely applied to backlight modules of ?at panel dis
plays and a general illumination domain. During a fabrication
process of the LED, due to differences of time, temperature,
machine and material or other variation factors in the fabri

cation process, quality of each completed LED is slightly
different. Therefore, after the fabrication, the LEDs are fur
ther tested and classi?ed, so as to classify the LEDs into
different bins. Generally, a classi?cation standard of the
LEDs includes a Wavelength, a light-emitting intensity, a

light-emitting angle, a chromaticity or a Working voltage, etc.
[0006] The chromaticity is generally used as the classi?ca
tion standard for classifying White LEDs used in a display
apparatus. Since human eyes are sensitive to colors, if unclas
si?ed White LEDs are used as a light source of the display
apparatus, a user may easily feel an uneven brightness or a

color shift phenomenon of a screen. In other Words, an overall

visual effect represented by the display apparatus is in?u
enced. Therefore, a requirement for the chromaticities of the
White LEDs used in the display apparatus is rather high.
Generally, only a feW White LEDs of Which bins being around
a White center of a chromaticity coordinate diagram are used.

[0007] HoWever, in the White LEDs of a same production
lot, there are only a small number of the White LEDs With the
chromaticities thereof falling around the White center of the
chromaticity coordinate diagram, so that cost of the White

LEDs is relatively high. Therefore, to maintain the display
quality of the display apparatus, the cost of the White LEDs
cannot be reduced.

SUMMARY OF THE INVENTION

a non-display area, Wherein the non-display area surrounds
the display area. The substrate has a light-incident surface and

a light-outlet surface, Wherein the light-incident surface is
disposed opposite to the light source device, and the light
outlet surface is disposed opposite to the display panel.
[0016]

In an embodiment of the present embodiment, the

light-incident surface is adjoined to the light-outlet surface.
[0017] In an embodiment of the present embodiment, there
is a ?rst space A betWeen the light source device and an edge
of the display area, and there is a second space P betWeen any

tWo adjacent LEDs, Wherein 0.5 éA/Pé 1.
[0018] In an embodiment of the present embodiment, the
substrate is a light guide plate or a diffuser plate.
[0019] In an embodiment of the present embodiment, the
carrier of the light source device is a printed circuit board or
a metal board.

[0020] In an embodiment of the present embodiment, the
carrier of the light source device is a bar-shape carrier.
[0021] In an embodiment of the present embodiment, the
LEDs of the light source device are arranged in a line.
[0022] In an embodiment of the present embodiment, the
LEDs of the light source device are arranged in an array.
[0023] In an embodiment of the present embodiment, the
substrate is a diffuser plate or a light guide plate.
[0024] In an embodiment of the present invention, the dis

play apparatus further includes optical ?lms disposed above
the light-outlet surface.
[0025]

In the light source device of the present invention,

the White LEDs of multiple bins are applied to serve as the

light source, and con?gurations and spaces of the White LEDs
are suitably adjusted to provide an ideal White light. There

fore, by using the light source device of the present invention,
[0008]

The present invention is directed to a light source

device containing White light-emitting diodes (LEDs) of dif

a Whole cost of the display apparatus can be reduced.
[0026] In order to make the aforementioned and other fea

ferent bins, Which avails reducing a cost.
[0009] The present invention is directed to a display appa

tures and advantages of the present invention comprehen

ratus, Which uses White LEDs of different bins as a light

ures are described in detail beloW.

sible, several exemplary embodiments accompanied With ?g

source, so as to reduce a cost.

[0010] The present invention provides a light source device
including a plurality of LEDs and a carrier. Chromaticities of

BRIEF DESCRIPTION OF THE DRAWINGS

a part of the LEDs fall in a ?rst area of a chromaticity coor

[0027]

dinate diagram, While chromaticities of the other LEDs fall in
a second area of the chromaticity coordinate diagram. The

vide a further understanding of the invention, and are incor

The accompanying draWings are included to pro

porated in and constitute a part of this speci?cation. The
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drawings illustrate embodiments of the invention and,
together With the description, serve to explain the principles
of the invention.
[0028] FIG. 1 is a chromaticity coordinate diagram illus
trating different bins of White LEDs classi?ed therein.
[0029] FIG. 2 is a side vieW of a light source device accord
ing to an embodiment of the present invention.
[0030] FIG. 3 is a three-dimensional vieW of another light
source device according to an embodiment of the present
invention.

[0031]

FIG. 4A is an exploded vieW ofa display apparatus

according to an embodiment of the present invention.
[0032] FIG. 4B is a top vieW ofa display apparatus of FIG.
4A.
[0033] FIG. 5 is an exploded vieW of a display apparatus
according to another embodiment of the present invention.
DESCRIPTION OF THE EMBODIMENTS

[0034]

Generally, light-emitting diodes (LEDs) are further

tested and classi?ed after being fabricated, so as to be classi
?ed into different bins. FIG. 1 is a chromaticity coordinate

diagram illustrating different bins of the White LEDs classi
?ed therein. Referring to FIG. 1, according to different chro
maticities, the White LEDs are, for example classi?ed into

sixteen bins ofA1, A2, A3, A4, B1, B2, B3, B4, C1, C2, C3,
C4, D1, D2, D3 and D4 in the chromaticity coordinate dia
gram. In detail, the chromaticities of different White LEDs of
each bin are similar but can be slightly different, ie each of
the bins is actually demarcated according to a speci?c chro

maticity distribution range.
[0035]

It should be noticed that only 16 bins are taken as an

example for the folloWing descriptions. In other possible
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tion provides several light source devices and display appa
ratus, in Which the White LEDs of various bins are used.
[0038] FIG. 2 is a side vieW of a light source device accord
ing to an embodiment of the present invention. Referring to
FIG. 2, the light source device 200 includes a plurality of
LEDs 210 and a carrier 220, Wherein the LEDs 210 are

disposed on the carrier 220. In the present embodiment, the
carrier 220 can be a printed circuit board (PCB) and has a
bar-shape. In other embodiments, the carrier 220 can also be
a metal board. Moreover, the LEDs 210 of the present
embodiment are, for example, arranged in a line as that shoWn
in FIG. 2. To be speci?c, the light source device 200 of the
present embodiment is a light bar.
[0039] Referring to FIG. 1 and FIG. 2, the chromaticities of
a part of the LEDs 210 of the light source device 200 fall in a

?rst area 110 of the chromaticity coordinate diagram, While
the chromaticities of the other LEDs 210 fall in a second area

120 of the chromaticity coordinate diagram. Moreover, the
second area 120 and the ?rst area 110 are point symmetric to

the White center W. In other Words, the chromaticities of the

LEDs 210 can be mutually compensated in chromaticity,
approximately. Therefore, the light source device 200 can

present the ideal White light. Namely, an overall light-emit
ting effect of the light source device 200 can satisfy a require
ment of the light source of the display apparatus. Further,
costs of the White LEDs of different bins are different, and the
costs of the White LEDs With the chromaticities thereof fall
ing in the White center area 130 are most expensive. There

fore, by using the LEDs 210 With the chromaticities thereof
falling in the ?rst area 110 and the second area 120, the cost
of the light source device 200 can be effectively reduced.

[0040] In detail, in the present embodiment, the ?rst area
110 includes the chromaticity distribution ranges of the White
LEDs of four bins A3, A4, B3 and B4. The second area 120
includes the chromaticity distribution ranges of the White
LEDs of four bins C1, C2, D1 and D2. It should be noticed

embodiments, the chromaticity bins of the White LEDs can be
?nely classi?ed, so that the number of the obtained bins is
more than 16. Alternatively, chromaticity bins of the White
LEDs can also be roughly classi?ed, so that the number of the
obtained bins is less than 16, Which is determined according

that divisions of the ?rst area 110 and the second area 120 are

to an actual demand of a user.

not limited thereto, and in other possible embodiment, the

[0036] Actually, in the chromaticity coordinate diagram,

?rst area 110 can include the chromaticity distribution ranges

only the color presented by a White center W is regarded as
pure White by human eyes, ie the color presented by the

of the White LEDs of four bins C3, C4, D3 and D4 While the
second area 120 can include the chromaticity distribution

ticities thereof falling at the White center W can be taken as the

ranges of the White LEDs of four bins A1, A2, B1 and B2.
[0041] In detail, the ?rst area 110 has a point B located
farthest from the White center W, and a coordinate value of the

White center W is not mixed With other colors such as red,

green and blue, etc. Therefore, the LEDs With the chroma

ideal White light source. Comparatively, the White light emit

point B in the chromaticity coordinate diagram is (X1, Y1).

ted from the White LEDs With the chromaticities thereof
falling in the A4 bin may be a White light With a slight yelloW,
and the White light emitted from the White LEDs With the
chromaticities thereof falling in the D1 bin may be a White

The second area 120 has a point C located farthest from the
White center W, and a coordinate value of the point C in the

light With a slight cyan.
[0037] Considering a sensitivity of the human eyes for the
colors and a display quality of the display apparatus, a
requirement for the chromaticities of the White LEDs used in
the light source device of the display apparatus is rather high.
Therefore, the White LEDs are applied to the display appara

Y1) and (X2,Y2) is that 0.06; |Xl—X2| 20.03 and 0.06; |Yl—
Y2|§0.03. Since the chromaticity range of the applicable

tus only When the chromaticities of the White LEDs fall in a

different bins are arranged according to a certain rule. Par

White center area 130 around the White center W, so as to

ticularly, a chromaticity difference of any tWo adjacent LEDs
210 on the carrier 220 in the chromaticity coordinate diagram
is (AX, AY), Wherein IAXIéOOl and |AY|§0.01. The
smaller the chromaticity difference of the adjacent LEDs is,
the better the light-mixing effect betWeen the LEDs 210 is.

guarantee the display quality of the display apparatus. HoW
ever, the number of the White LEDs With the chromaticities
thereof falling in the White center area 130 is quite small in a
same production lot, so that the cost of the pure White LEDs

chromaticity coordinate diagram is (X2, Y2). In the present
embodiment, a relation betWeen the coordinate values Gil,

LEDs 210 is relatively Wide, the cost spent on purchasing the
LEDs 210 is reduced.
[0042] It should be noticed that to make the light source

device 200 emitting the ideal White light, the LEDs 210 of

is relatively high. Therefore, to maintain the display quality of

Therefore, the light source device 200 is not liable to have a

the display apparatus and reduce the cost, the present inven

bright fringe phenomenon or an uneven light-mixing phe
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nomenon, i.e. the light source device 200 of the present

optical path is required for fully mixing the light emitted from

embodiment can provide a uniform light source.

different LEDs 210. In the present embodiment, a forWard

[0043]

For example, in the present embodiment, chroma

ticity bins of the LEDs 210 arranged in a line on the carrier

220 are sequentiallyA4, B4,A3, B3, C2, D2, C1, D1, C1, D1,

light-mixing optical path is the ?rst space A. Similarly, a
certain distance betWeen any tWo adjacent LEDs 210 in the
light source device 200 is required to be maintained, so as to

C1 and D2 from one end to another. In other possible embodi

provide a su?icient lateral light-mixing optical path. In the

ments, the chromaticity bins of the LEDs 210 arranged in a
line on the carrier 220 may be sequentially B4, A4, A3, B3,
C2, D2, D1, C1, D1 and D2 from one end to another. Cer
tainly, the aforementioned arrangements of the LEDs 210 are
only used as examples, and the present invention is not lim

present embodiment, the lateral light-mixing optical path is

ited thereto. When the division ranges of the ?rst area 110 and
the second area 120 are changed, the arrangement of the

LEDs 210 is accordingly changed.
[0044]

FIG. 3 is a three-dimensional vieW of another light

source device according to an embodiment of the present

invention. Referring to FIG. 3, the LEDs 210 of the light
source device 300 can be arranged in an array. Here, selection
and arrangement of the LEDs 21 0 are similar as that described
above, so that the light source device 300 can provide the

substantial White light required by the display apparatus, and
has a loW cost. In brief, a fabrication cost of the display

apparatus using the light source device 300 can be reduced,

and meanWhile the display quality of the display apparatus
can be maintained.

[0045]

FIG. 4A is an exploded vieW ofa display apparatus

according to an embodiment of the present invention. FIG. 4B
is a top vieW of the display apparatus of FIG. 4A. Referring to
FIG. 4A, the display apparatus 400 includes a light source
device 200, a display panel 410 and a substrate 420. The light

the second space P. By adjusting a ratio of A/P, the light
emitted from the light source device 200 can be preliminarily

mixed, and then enters the light-incident surface 420a. Then,
after being suitably re?ected or refracted Within the substrate
420, the light emits from the light-outlet surface 420!) of the
substrate 420 in a suitable light-emitting angle, and enters the

display panel 410. When the light emitted from the light
source device 200 of the display apparatus 400 is the su?i

ciently mixed White light, the bright and dark fringes or the
color shift phenomenon caused by uneven light-mixing can

be mitigated.
[0050] FIG. 5 is an exploded vieW of a display apparatus
according to another embodiment of the present invention.
Referring to FIG. 5, the display apparatus 500 includes a light
source device 300, a display panel 510 and a substrate 520.
The light source device 300 of the present embodiment is the
same to the light source device 300 of the above embodiment,
and therefore detailed descriptions thereof are not repeated.
[0051] The display panel 510 has a display area 510a and a
non-display area 510b, Wherein the non-display area 5101)
surrounds the display area 51011. The substrate 520 has a

light-incident surface 520a and a light-outlet surface 520b,

source device 200 of the present embodiment is the same to

Wherein the light-incident surface 52011 is disposed opposite

the light source device 200 of the above embodiment, and
therefore detailed descriptions thereof are not repeated.
[0046] The display panel 410 has a display area 410a and a
non-display area 410b, Wherein the non-display area 4101)

to the light source device 300, and the light-outlet surface

520!) is disposed opposite to the display panel 510, as that
shoWn in FIG. 5. It should be noticed that the light-incident

surrounds the display area 41011. The substrate 420 has a

surface 52011 is disposed opposite to the light-outlet surface
520b. Namely, the display apparatus 500 has a direct type

light-incident surface 420a and a light-outlet surface 420b,

light source.

Wherein the light-incident surface 42011 is disposed opposite

[0052] Moreover, in the present invention, the display panel

to the light source device 200, and the light-outlet surface
420!) is disposed opposite to the display panel 410 as shoWn
in FIG. 4A. It should be noticed that the light-incident surface
42011 is adjoined to the light-outlet surface 420b. Namely, the
display apparatus 400 has a side incident type light source.

510 is unnecessarily to be disposed adjacent to the substrate
520. For example, the optical ?lms (not shoWn) such as the
diffusers, and the brightness enhancement ?lms, etc. can be
disposed betWeen the display panel 510 and the substrate 520,
i.e. the optical ?lms are disposed above the light-outlet sur
face 520b of the substrate 520. In the present embodiment, the
substrate 520 is a diffuser plate/board. In other embodiments,
the substrate 420 can also be a light guide plate.
[0053] According to the above descriptions, it is knoWn that
the White light provided by the light source device 300 satisfy
a demand of the display apparatus 500. Moreover, the LEDs
of different bins are used to provide the light source required
by the display apparatus 500, so that the cost of the display
apparatus 500 is relatively loW.
[0054] In summary, the light source device of the present

[0047] Moreover, in the present invention, the display panel
410 is unncccssarily to be disposed adjacent to the substrate
420. For example, optical ?lms (not shoWn) such as diffusers,
and brightness enhancement ?lms, etc. can be disposed
betWeen the display panel 410 and the substrate 420, i.e. the
optical ?lms are disposed above the light-outlet surface 420!)
of the substrate 420. In the present embodiment, the substrate
420 is a light guide plate. In other embodiments, the substrate
420 can also be a diffuser plate or a diffuser board.

[0048] A ?rst space A betWeen the light source device 200
and an edge of the display area 41011 is con?gured. In detail,
the ?rst spaceA is de?ned as a distance betWeen a light-outlet
surface 21011 of the LED 210 in the light source device 200

and the edge of the display area 41011. In addition, a second
space P betWeen any tWo adjacent LEDs 210 is con?gured. In
detail, the second space P is de?ned as a distance betWeen

central points of any tWo adjacent LEDs 210, i.e. the pitch of
any tWo adjacent LEDs 210. In the present embodiment,
0.5 éA/Pé l .

[0049] Before the light emitted from the light source device
200 irradiates the light-incident surface 42011, a su?icient

invention uses the White LEDs of different bins to generate

the White light. By suitably selecting the White LEDs of
different bins, and by adjusting a distance betWeen each tWo
adjacent White LEDs and a distance betWeen the White LED
and the display area, a White light-mixing light source With a
uniform color-mixture and Without an obvious color shift
phenomenon can be obtained. Therefore, a fabrication cost of

the display apparatus using the light source device of the
present invention can be effectively reduced, and a good
display quality of the display apparatus can still be main
tained.
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[0055]

It Will be apparent to those skilled in the art that

6. A display apparatus, comprising:

various modi?cations and variations can be made to the struc

a light source device as claimed in claim 1;

ture of the present invention Without departing from the scope
or spirit of the invention. In vieW of the foregoing, it is
intended that the present invention cover modi?cations and
variations of this invention provided they fall Within the scope

a display panel, having a display area and a non-display
area, Wherein the non-di splay area surrounds the display

of the following claims and their equivalents.
What is claimed is:

1. A light source device, comprising:
a plurality of light-emitting diodes (LEDs), chromaticities
of a part of the LEDs falling in a ?rst area of a chroma

ticity coordinate diagram, While chromaticities of the
other LEDs falling in a second area of the chromaticity
coordinate diagram, the second area and the ?rst area

being point symmetric to a ?rst White center of the
chromaticity coordinate diagram, a chromaticity coor
dinate value farthest from the White center in the ?rst
area being (X1, Y1) and a second chromaticity coordi
nate value farthest from the White center in the second

area being (X2, Y2), Wherein 0.06§|X1—X2|§0.03 and
0.06§|Y1—Y2|§0.03; and
a carrier, the LEDs being disposed on the carrier, and a
chromaticity difference of any tWo adjacent LEDs in the

chromaticity coordinate diagram being (AX, AY),
Wherein IAXIéOOl and |AY|§0.01.
2. The light source device as claimed in claim 1, Wherein
the carrier is a printed circuit board (PCB) or a metal board.
3. The light source device as claimed in claim 1, Wherein
the carrier is a bar-shape carrier.
4. The light source device as claimed in claim 3, Wherein
the LEDs are arranged in a line.
5. The light source device as claimed in claim 1, Wherein
the LEDs are arranged in an array.

area; and

a substrate, having a light-incident surface and a light

outlet surface, Wherein the light-incident surface is dis
posed opposite to the light source device, and the light
outlet surface is disposed opposite to the display panel.
7. The display apparatus as claimed in claim 6, Wherein the

light-incident surface is adjoined to the light-outlet surface.
8. The display apparatus as claimed in claim 7, Wherein a

?rst spaceA is con?gured betWeen the light source device and
an edge of the display area, and a second space P is con?gured
betWeen any tWo adjacent LEDs, Wherein 0.5 éA/Pé l.
9. The display apparatus as claimed in claim 7, Wherein the
substrate is a light guide plate or a diffuser plate.
10. The display apparatus as claimed in claim 7, Wherein
the carrier of the light source device is a bar-shape carrier.
11. The display apparatus as claimed in claim 10, Wherein
the LEDs of the light source device are arranged in a line.
12. The display apparatus as claimed in claim 6, Wherein

the light-incident surface is disposed opposite to the light
outlet surface.
13. The display apparatus as claimed in claim 12, Wherein
the LEDs of the light source device are arranged in an array.
14. The display apparatus as claimed in claim 12, Wherein
the substrate is a diffuser plate or a light guide plate.
15. The display apparatus as claimed in claim 6, Wherein
the carrier of the light source device is a PCB or a metal board.

16. The display apparatus as claimed in claim 6, further

comprising a plurality of optical ?lms disposed above the

light-outlet surface.

