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(57) ABSTRACT

A light emitting diode backlight unit and a liquid crystal
display device having the same is provided. The light
emitting diode improves efficiency of a backlight and pro-
ductivity by mounting light emitting diodes and drive com-
ponents onto the same printed circuit board. The light
emitting diode (LED) backlight unit includes a printed
circuit board, a plurality of light emitting diodes mounted
onto the printed circuit board, a plurality of drive compo-
nents mounted onto the printed circuit board and driving the
light emitting diodes and a control unit electrically con-
nected with the printed circuit board and controlling the
drive components.
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LIGHT EMITTING DIODE BACKLIGHT UNIT
AND LIQUID CRYSTAL DISPLAY DEVICE USING
THE SAME

[0001] This application claims the benefit of Korean
Patent Application No. 87645/2004, filed on Oct. 30, 2004,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a light emitting
diode backlight unit, and more particularly, to a light emit-
ting diode backlight unit that supplies light to a liquid crystal
display panel through a plurality of light emitting diodes
(LEDs) and a liquid crystal display (LCD) device using the
same.

[0004] 2. Discussion of the Related Art

1. Field of the Invention

[0005] In general, an LCD device is a display device
displaying a desired image by individually providing data
signals corresponding to image information to pixels
arranged in a matrix form and controlling the light trans-
mittance of the pixels.

[0006] Accordingly, the LCD device includes both an
LCD panel where pixels are arranged in the matrix form and
a driving unit for driving the pixels.

[0007] The LCD panel includes a thin film transistor array
substrate and a color filter substrate which face each other
and are attached such that they have a uniform cell-gap
therebetween and a liquid crystal layer in the cell-gap.

[0008] A common electrode and a pixel electrode are
formed on the LCD panel in which the array substrate and
the color filter substrate are attached to each other in order
to apply an electric field to the liquid crystal layer.

[0009] When a voltage of a data signal supplied to the
pixel electrode is controlled such that a voltage is supplied
to the common electrode, liquid crystal in the liquid crystal
layer rotates due to a dielectric anisotropy according to the
electric field formed between the common electrode and the
pixel electrode. As a result, light is transmitted or blocked in
each pixel thereby displaying a character or an image.

[0010] The LCD device cannot emit light on its own and
instead displays an image by controlling the transmittance of
light. As such, a supplementary unit such as a backlight unit
for irradiating light onto the LCD panel is required.

[0011] There are two types of backlight units, a side-type
and a direct type. In a side-type backlight unit, lamps are
disposed at one side surface or at both side surfaces and light
is reflected, diffused, and collected through a light guide
plate, a reflector, and optical sheets and is then transmitted
to a front surface of the LCD panel. In a direct-type
backlight unit, lamps are disposed at the rear of an LCD
panel such that light is directly transmitted to a front surface
of the LCD panel.

[0012] FIG.1 is a perspective view illustrating a side-type
backlight unit. The side-type backlight unit includes a light
guide plate 5 formed of a transparent material and disposed
at the rear of an LCD panel (not illustrated), a lamp 20
disposed at the side of the light guide plate 5, a reflector 30
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disposed at the rear of the light guide plate 5; a lamp reflector
25 for fixing the lamp 20 to the side of the light guide plate
5 and reflecting the light of the lamp 20 to the side of the
light guide plate 5 and a line 26 for supplying power to the
lamp 20.

[0013] Light generated from the lamp 20 is incident on the
side of the light guide plate 5. The reflector 30 disposed at
the rear of the light guide plate 5 reflects light being
transmitted to the rear surface of the light guide plate 5
toward an upper surface of the light guide plate 5 thereby
reducing light loss and improving uniformity.

[0014] Thus, the light guide plate 5 together with the
reflector 30 transmits the light generated from the lamp 20
toward the upper surface.

[0015] FIG. 2 is a perspective view schematically illus-
trating a direct-type backlight unit. The direct-type backlight
unit includes a reflector 30 disposed at the rear surface of an
LCD panel (not illustrated), a plurality of lamps 20 disposed
at an upper portion of the reflector 30 which makes light
incident upon the overall rear surface of the LCD panel, a
diffusion plate 40 covering the lamps 20 and diffusing light
generated form the lamps 20 and lines 26 for supplying
power to the lamps 20.

[0016] In general, a cold cathode fluorescent lamp (CCFL)
has a tubular shape which has a length corresponding to a
distance between sides of the LCD panel. A CCFL is used as
the light source in a side-type backlight unit or the direct-
type backlight unit. The CCFL generates white light when
power is supplied through the wire 26 at both ends.

[0017] However, mercury used in the CCFL as a fluores-
cent material is harmful to the human body, thus, the CCFL
may not satisfy environmental regulations as these regula-
tions gradually tighten.

[0018] In addition, strides in the development of an LCD
device using a time division method in which one frame of
an image is time-divided into a plurality of sub-frames and
red, green and blue lights are sequentially supplied to the
plurality of sub-frames in order to improve the transmittance
and color rendering capability of an LCD device have been
recently made. However, using CCFL in a LCD device
limits the application of the time division method.

[0019] Recently, a light emitting diode (LED) has been
used as a backlight of the LCD device. A LED has a longer
life span than the CCFL and operates on 5V. Therefore, the
LED does not require an additional inverter.

[0020] A high-brightness LED has a longer life span than
the related art CCFL and consumes only about 20% of the
electric power required by previously available applications.
Since additional equipment, such as an inverter, is not
required, the high-brightness LED has advantages in that
products using this type of LED have a low profile and have
a more efficient inner area. In addition, the high-brightness
LED has superior color generating capabilities to that of a
CCFL. Furthermore, mercury controls will begin to take
effect, thus increasing the demand for adopting a light
emitting diode backlight.

[0021] A light emitting diode, a next generation light
source which is more energy efficient than previously avail-
able light sources and can be used almost semipermanently,
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has been used as a main light source for mobile devices such
as cellular phones, digital cameras, personal digital assis-
tants (PDAs) and the like.

[0022] FIG. 3 is a view illustrating a typical light emitting
diode backlight unit and a structure of a direct-type light
emitting diode backlight using a light emitting diode.

[0023] As illustrated therein, a plurality of light emitting
diodes 20A to 20C generating colors of red (R), green (G),
and blue (B) are mounted onto a light emitting unit printed
circuit board (PCB) 50. In addition, a driving unit printed
circuit board 60 onto which drive components (not illus-
trated) for driving the LEDs are mounted is constructed in
the form of another PCB outside the light emitting diode
backlight.

[0024] Furthermore, a control unit printed circuit board 70
which outputs signals that control the drive components is
electrically connected to the driving unit PCB 60.

[0025] A reference numeral 10 denotes a light emitting
diode backlight in which the light emitting unit PCB 50 is
located.

[0026] In the typical light emitting diode backlight struc-
ture having such a construction, a long signal line for
transmitting a signal between the light emitting diode and
the driving unit PCB is required. A long signal line causes
a serious voltage drop in the LED backlight circuit. The
brightness of the LED changes according to electric current.
As such, the voltage drop minimizes the efliciency of the
LED backlight. In addition, since additional processes are
required such as designing the additional driving unit PCB
and coupling with the light emitting printed circuit board,
productivity is decreased.

SUMMARY OF THE INVENTION

[0027] Accordingly, the present invention is directed to a
light emitting diode backlight unit and liquid crystal display
device using the same that substantially obviates one or
more of the problems due to limitations and disadvantages
of the related art.

[0028] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0029] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, there is provided a
light emitting diode backlight unit which includes a printed
circuit board and a plurality of light emitting diodes
mounted on the printed circuit board. The LED backlight
unit also has a plurality of drive components mounted on the
printed circuit board and driving the light emitting diodes
and a control unit operatively coupled with the printed
circuit board and controlling the drive components.

[0030] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, there is provided a
light emitting diode backlight unit including a first printed
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circuit board and a plurality of light emitting diodes
mounted on the first printed circuit board. In addition, the
LED backlight unit includes a second printed circuit board
operatively coupled with the first printed circuit board with
a connector. The second printed circuit board has a plurality
of drive components for driving the LEDs mounted thereon.
The LED backlight unit also has a control unit operatively
coupled with the second printed circuit board which controls
the drive components.

[0031] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, there is provided a
liquid crystal display device including a liquid crystal dis-
play (LCD) panel and a light emitting diode backlight unit
installed at the rear or side of the LCD panel and irradiating
light onto the LCD panel. The light emitting diode backlight
unit has a printed circuit board, a plurality of light emitting
diodes mounted on the printed circuit board, and a plurality
of drive components driving the light emitting diodes. In this
embodiment, the plurality of drive components are mounted
on the printed circuit board. The liquid crystal display device
also has a case coupling the LCD panel and the backlight
unit to each other.

[0032] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0034] In the drawings:

[0035] FIG. 1 is a perspective view illustrating a related
art side-type backlight unit;

[0036] FIG. 2 is a perspective view illustrating a related
art direct-type backlight unit;

[0037] FIG. 3 is a view illustrating a related art light
emitting diode backlight unit;

[0038] FIG. 4 is a view showing a light emitting diode
backlight unit in accordance with a first embodiment of the
present invention;

[0039] FIGS. 5A and 5B are graphs illustrating a current-
voltage characteristic of a light emitting diode;

[0040] FIGS. 6A and 6B are graphs illustrating a current-
brightness characteristic of the light emitting diode; and

[0041] FIG. 7 is a view showing a light emitting diode
backlight in accordance with a second embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0042] Hereinafter, embodiments of a light emitting diode
backlight unit and a liquid crystal display device using the
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same in accordance with the present invention will be
described in detail in the accompanying drawings.

[0043] FIG. 4 is a view schematically illustrating a light
emitting diode backlight unit in accordance with a first
embodiment of the present invention.

[0044] Here, a direct-type light emitting diode backlight
structure is shown as one example in the drawing, but the
present invention is not limited to this. The present invention
may also be applied to a side-type backlight structure.

[0045] As illustrated therein, a plurality of light emitting
diodes 120 generating red, green and blue colors and a
plurality of drive components 180 for driving the LEDs 120
are mounted onto a light emitting unit printed circuit board
(PCB) 150. The LEDs 120 and the drive components 180 are
mounted together onto the light emitting unit PCB 150 and
are positioned in a light emitting diode backlight 100.

[0046] Here, the LEDs 120 of the present embodiment
may have a structure in which one light emitting diode
device which generates red, green or blue color is embedded
in a light emitting diode lamp in the form of a lamp or a chip.

[0047] In the following, one light emitting diode device
embedded in one light emitting diode lamp is described.
However, it should be noted that the present invention is not
limited to this description. The present invention can be also
applied when all the LED devices which generate red, green
and blue color, respectively, are embedded in one light
emitting diode lamp.

[0048] In addition, the following description relates to a
light emitting diode device which generates red, green or
blue color as an example. However, the light emitting diode
120 may include a light emitting diode device which gen-
erates white light or light having multiple colors as well as
the red, green and blue colors. In addition, the light emitting
diode 120 may include a plurality of LED devices which
generate different colors. The light emitting diodes 120 may
also be divided into a different number of groups which
generate colors which vary according to the groups.

[0049] The light emitting unit PCB 150 may include a
metal core printed circuit board (MCPCB) in which an
aluminum layer is laminated on its lower surface SO as to
emit heat being generated by the light emitting diodes 120
to the outside.

[0050] In addition, the light emitting unit PCB 150 is
electrically connected with a control unit printed circuit
board 170 to output a signal which controls the drive
components 180.

[0051] As described above, in the existing LED backlight
structure, while the LEDs are mounted onto the light emit-
ting unit PCB and are located in the backlight, the drive
components for driving the LEDs are mounted onto the
driving unit PCB located outside the LED backlight. How-
ever, in the present embodiment, the light emitting diodes
120 and the LED drive components 180 are mounted
together onto the MCPCB 150, that is, onto the same printed
circuit board. As such, production efficiency is maximized
and the efficiency of the LED backlight is improved because
a decrease in voltage which normally occurs from signal line
resistance between the light emitting diodes 120 and the
drive components 180 is minimized.
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[0052] In addition, in the structure, a PWM (Pulse Width
Modulation) signal for controlling the LEDs 120 is trans-
mitted from the control unit PCB 170 for the control and
output of the PWM signal to the LED drive components 180
to thereby duty control electric currents of the LEDs 120.

[0053] Likewise, a method to control the brightness of an
entire screen through duty control is used and a method for
driving a light emitting diode array in series is used in a light
emitting diode. However, series driving makes it difficult to
locally control brightness in a large LCD device.

[0054] By supplying power (Vec) to red, green and blue
light emitting diodes or a white light emitting diode and
performing on/off control on each light emitting diode, the
present embodiment can be applied in a structure enabling
independent driving of the light emitting diodes. That is,
different signals are supplied from a PWM control unit to
each divided region and individually controlled current is
applied to each light emitting diode, thereby controlling
brightness. In addition, independently driving red, green and
blue light emitting diodes allows for controlling color tem-
perature and color coordinate characteristics.

[0055] As described above, the light output of the light
emitting diode depends on a light emitting diode current and
the light emitting diode current depends on a light emitting
diode applied voltage.

[0056] FIGS. 5A and 5B are graphs showing a current-
voltage characteristic of a light emitting diode, and FIGS.
6A and 6B are graphs showing a current-brightness char-
acteristic of the light emitting diode.

[0057] Here, the graph shows current-voltage and current-
brightness characteristics of a 1 W light emitting diode.
FIGS. 5A and 6A show electric and optical characteristics
of green and blue light emitting diodes and FIGS. 5B and
6B show electrical and optical characteristics of a red light
emitting diode.

[0058] In addition, the graphs in FIGS. 5A and 5B show
an average forward current (mA) against a forward voltage
(V) of the light emitting diode. The graphs in FIGS. 6A and
6B show a normalized reactive luminous flux against a
forward current (mA) of the light emitting diode.

[0059] With reference to the drawings, a change in current
occurs according to a change in voltage being applied to the
light emitting diode. The change of the current brings about
a change in brightness characteristics of the light emitting
diode.

[0060] A voltage drop which results from resistance in a
signal line which connects the light emitting diode and the
drive component affects the light output of the light emitting
diode. Thus, an increase in resistance decreases light output
uniformity and the efficiency of the light emitting diode
backlight. However, in accordance with the present inven-
tion, because drive components and light emitting diodes are
mounted onto a driving unit PCB, resistance of a signal line
between the light emitting diodes and the LED drive com-
ponents is minimized, thereby solving the aforementioned
problem.

[0061] In general, the light efficiency of a light emitting
diode is very low, typically about 30-50% of the light
efficiency of a CCFL. Thus, when the light emitting diode is
implemented in the backlight, additional heat is generated.
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Therefore, when light emitting diodes and drive components
are mounted on the same printed circuit board in accordance
with the first embodiment, the drive components may be
affected by heat emitted from the light emitting diodes. A
second embodiment which addresses this will be described
in detail with reference to the drawings.

[0062] FIG. 7 illustrates a light emitting diode backlight
unit in accordance with a second embodiment of the present
invention.

[0063] As illustrated therein, a plurality of first printed
circuit boards 250A for mounting light emitting diodes 220
in a light emitting diode backlight 200 and a plurality of
second printed circuit boards 250B for mounting light
emitting diode drive components 280 are separately pro-
vided. The first printed circuit boards 250A and the second
printed circuit boards 250B are electrically connected with
each other through a plurality of connectors 290. The
separation of the light emitting diodes 220 and the light
emitting diode drive components 280 minimizes the effect
heat generated from the light emitting diodes 220 may have
on the light emitting diode drive components 280.

[0064] Mounting the light emitting diodes 220 and the
LED drive components 280 on the printed circuit boards
250A and 250B increases the ease with which operations
may be performed in comparison with a configuration where
light emitting diode drive components are mounted on a
printed circuit board separate from a light emitting diode
backlight, as shown in the related art.

[0065] A reference numeral 270 denotes a control unit
printed circuit board electrically connected with the second
printed circuit boards 250B. The control unit printed circuit
board 270 supplies control signals to the LED drive com-
ponents 280 mounted onto the second printed circuit boards
250B.

[0066] The LED backlight unit in accordance with the
present invention takes the place of a cold cathode fluores-
cent lamp which is harmful to the human body and therefore
may not satisfy evolving environmental regulations. The
LED backlight unit in accordance with the present invention
may also be used to supply light to a flat panel display device
as well as a liquid crystal display device.

[0067] In addition, the LED backlight unit in accordance
with the present invention may be applied to a liquid crystal
display device in a time division method in which one frame
of an image is time-divided into a plurality of sub-frames in
order to improve transmittance and color rendering capabil-
ity and red, green and blue lights are sequentially activated
during the plurality of sub-frames to display an image.

[0068] Hereinafter, an LCD device having the light emit-
ting diode backlight unit of the present invention will be
described.

[0069] An LCD device includes an LCD panel where
pixels are arranged in a matrix form, a gate driving circuit
unit and a data driving circuit unit connected to side sur-
faces, respectively, of the LCD panel. The LCD device also
has a backlight unit installed at the rear or side of the LCD
panel.

[0070] The LCD panel includes an array substrate and a
color filter substrate which face each other and are attached
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to maintain a uniform cell-gap therebetween. Additionally, a
liquid crystal layer is formed in the cell-gap.

[0071] A common electrode and a pixel electrode are
formed on the LCD panel where the array substrate and the
color filter substrate are attached to each other in order to
apply an electric field to the liquid crystal layer. If a voltage
of a data signal which is supplied to the pixel electrode is
controlled such that a voltage is supplied to the common
electrode, liquid crystal in the liquid crystal layer rotates due
to a dielectric anisotropy according to the electric field
formed between the common electrode and the pixel elec-
trode. As a result, light is transmitted or blocked by pixels to
display a character or an image. In order to control the
voltage of the data signal which is supplied to the pixel
electrode by pixels, a switching device such as a thin film
transistor (TFT) is provided on each pixel.

[0072] The gate driving circuit unit and the data driving
circuit unit are coupled with the LCD panel in various forms
and provide scanning signals and image information to a
plurality of gate lines and data lines, thereby driving pixels
of the LCD panel.

[0073] An integral type LED backlight unit in accordance
with the present invention is installed at the rear or side of
the LCD panel. In the integral type LED backlight unit, drive
components for driving light emitting diodes are mounted
onto a printed circuit board onto which the light emitting
diodes are mounted, thereby improving efficiency of the
LED backlight and simultaneously enhancing productivity
by simplifying a fabrication procedure for the LCD device.

[0074] The LCD panel and the backlight unit are sup-
ported and coupled with each other by a bottom cover
disposed at the rear of the backlight unit. The bottom cover
can be engaged with a mold frame through a screw.

[0075] The bottom cover and the mold frame can be
coupled with each other by a hook method for speeding the
assembly process. That is, by forming an insertion groove on
the bottom cover and a hook on the mold frame and inserting
the hook of the mold frame into the insertion groove, the
bottom cover and the mold frame can be coupled with each
other. Here, the hook can be formed on the bottom cover and
the insertion groove can be formed on the mold frame.

[0076] Inaddition, an edge of an upper surface of the mold
frame coupled with the bottom cover is compressed by a top
case. The top case can be coupled with the mold frame by
a screw or hook method.

[0077] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:
1. A light emitting diode (LED) backlight unit compris-
ing:

a printed circuit board;

a plurality of light emitting diodes (LEDs) mounted on the
printed circuit board,
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a plurality of drive components mounted on the printed
circuit board and driving the light emitting diodes; and

a control unit operatively coupled with the printed circuit

board and controlling the drive components.

2. The LED backlight unit of claim 1, wherein one of the
plurality of LEDs generates at least one color of red, green
and blue.

3. The LED backlight unit of claim 1, wherein one of the
plurality of LEDs generates white light.

4. The LED backlight unit of claim 1, wherein one of the
plurality of LEDs is embedded in one lamp thereby gener-
ating at least one color of red, green, blue and white.

5. The LED backlight unit of claim 1, wherein all the
LEDs which generate red, green and blue are embedded in
one lamp.

6. The LED backlight unit of claim 1, wherein the printed
circuit board is constructed as an metal core printed circuit
board (MCPCB) in which an aluminum layer is laminated at
a lower surface.

7. A light emitting diode backlight (LED) unit compris-
ing:

a first printed circuit board;

a plurality of light emitting diodes mounted on the first
printed circuit board;

a second printed circuit board operatively coupled with
the first printed circuit board with a connector, the
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second printed circuit board having a plurality of drive
components for driving the LEDs mounted thereon;
and

a control unit operatively coupled with the second printed
circuit board and controlling the drive components.

8. A liquid crystal display device comprising:

a liquid crystal display (LCD) panel;

a light emitting diode backlight unit installed at the rear or
side of the LCD panel and irradiating light onto the
LCD panel, the light emitting diode backlight unit
comprising:

a printed circuit board;

a plurality of light emitting diodes mounted on the
printed circuit board; and

a plurality of drive components for driving the light
emitting diodes, the plurality of drive components
mounted on the printed circuit board; and

a case for coupling the LCD panel and the backlight unit

with each other.

9. The LCD device of claim 8, wherein the drive com-
ponents are mounted onto the printed circuit board onto
which the light emitting diodes are mounted to thereby
minimize resistance of a signal line which substantially
supplies signals to the light emitting diodes.
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