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FIG.12

1 YES

CONVERTING AN DIMMING SIGNAL 5120
TO AN ANALOG DIMMING SIGNAL

\
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‘ .
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FIG.21A
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BACKLIGHT ASSEMBLY HAVING EXTERNAL
ELECTRODE FLUORESCENT LAMP, METHOD
OF DRIVING THEREOF AND LIQUID CRYSTAL

DISPLAY HAVING THE SAME

CROSS-REFERENCE OF RELATED
APPLICATIONS

[0001] This application relies for priority upon Korean
Patent Application No. 2002- 27461 filed on May 17, 2002,
the contents of which are herein incorporated by reference in
its entirety.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a backlight assem-
bly having external electrode fluorescent lamps, a driving
method thereof and an LCD apparatus having the same.

[0004] 2. Description of the Related Art

[0005] In general, flat panel display devices are divided
into an emissive display device and a non-emissive display
device. The emissive display device includes a cathode ray
tube (CRT), a plasma display panel (PDP), an electrolumi-
nescent display device (ELD), a vacuum fluorescent display
device (VEFD) and a light emitting diode (LED) etc. The
non-emissive display device includes a liquid crystal display
(LCD) device.

[0006] The LCD device is a passive plat panel display
device in which an image is displayed using the light from
external light source. A backlight assembly is disposed
under a LCD panel so as to provide the LCD panel with
lights. The backlight assembly requires high luminance,
high light efficiency, uniformity of luminance, long endur-
ance, thin thickness, lightweight, and a low price.

[0007] A laptop computer such as a notebook computer,
requires a lamp having high efficiency and long endurance,
and a monitor for a desktop computer and a television set
requires to have high luminance.

[0008] On the other hand, the backlight assemblies are
generally divided into a cold cathode fluorescent lamp
(CCFL) type backlight assembly and a flat fluorescent lamp
type backlight assembly. In the flat fluorescent lamp type
backlight assembly, upper and lower substrates are coated
with a fluorescent material so as to output lights. The CCFL
type backlight assembly is divided into an edge-illuminating
type backlight assembly and a direct illuminating type
backlight assembly depending on the light sources arranged
with respect to the display screen. The edge-illuminating
type backlight assembly uses a light guiding plate. Light
sources are arranged at side portions of the light guiding
plate. In the direct illuminating type backlight assembly, the
light sources are arranged under the LCD panel.

[0009] FIG. 1 is an exploded perspective view showing a
conventional LCD device, especially an edge-illuminating
type LCD device. FIGS. 2, 3 and 4 are circuit diagrams
showing examples of inverters for driving a lamp of a
backlight assembly of FIG. 1.

[0010] Referring to FIG. 1, the LCD device 900 includes
an LCD module 700 for receiving image signals to display
an image, a front case and a rear case. The front and the rear
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case receive the LCD module 700. The LCD module 700
includes a display unit 710. The display unit 710 includes an
LCD panel 712 for displaying an image.

[0011] The display unit 710 includes the LCD panel 712,
a data side printed circuit board (PCB; 714), a gate side PCB
719, a data side tape carrier package (TCP; 716) and a gate
side TCP 716.

[0012] The LCD panel includes a thin film transistor
(TFT) substrate 7124, a color filter substrate 712) and liquid
crystal (not shown), and displays an image.

[0013] Particularly, the TFT substrate 7124 is a transparent
substrate on which TFTs are arranged in a matrix shape. A
data line is connected to a source of each of TFTs, and a gate
line is connected to a gate of each of TFTs. Also, a pixel
electrode is formed on each of drains of the TFTs, the pixel
electrode comprises a transparent conductive material, such
as indium tin oxide (ITO).

[0014] When electric signals are applied to data lines and
gate lines, the electric signals are inputted into the sources
and gates of the TFTs, the TFTs are turned on or turned off
depending on the electric signals, and the drain of each of
TFTs outputs an electric control signal to display a pixel
image.

[0015] The color filter substrate 712b is opposite to the
TFT substrate 712a. A plurality of RGB color pixels is
formed through a thin film fabricating process. Lights pass
through the color pixels to display predetermined colors. A
common electrode that comprises ITO is formed on a front
surface of the color filter substrate 712b.

[0016] When an electric power signal is applied to the
gates and sources of the TFTs, the TFTs are turned on, and
an electric field are formed between the pixel electrode and
the common electrode of the color filter substrate. The
electric field varies an arranging angle of liquid crystal
molecules that are interposed between the TFT substrate
712a and the color filter substrate 714b, and a light trans-
missivity of the liquid crystal is varied depending on the
varied tilt angle of the liquid crystal to display desired pixel
image.

[0017] A driving signal and timing control signal are
applied to the gate lines and data lines of the TFTs so as to
control the arranging angle of the liquid crystal and to
control timing of tilting the liquid crystal. The data side TCP
716 is attached to a side of the LCD panel 712 near the
sources of the TFTs, and the gate side TCP 718 is attached
to another side of the LCD panel 712 near the gates of the
TFTs. The data side TCP 716 is a kind of flexible printed
circuit board that determines when to apply a driving signal
for driving the data line, and the gate side TCP 718 is also
a kind of flexible printed circuit board that determines when
to apply a driving signal for driving the gate line.

[0018] A data side PCB 714, which receives external
image signals and applies a data driving signals to the data
lines, and a gate side PCB 719, which applies a gate driving
signals to the gate lines, are coupled to both the data side
TCP 716 near the data lines of the LCD panel 712 and the
gate side TCP 718 near the gate lines of the LCD panel 718,
respectively.

[0019] A source part is formed in the data side PCB 714,
and the source part receives image signals generated from an
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external data processing device (not shown) to provide the
LCD panel 7124 with data driving signal for driving the data
lines. A gate part is formed in the in the gate side PCB 714,
and the gate part provides the LCD panel 712a with gate
driving signal for driving the gate lines.

[0020] The data side PCB 714 and the gate side PCB 719
generate the gate driving signal, the data driving signal and
a plurality of timing control signals for applying these
driving signals at an appropriate time. The gate driving
signal is applied to the gate line of the LCD panel 712
through the gate side TCP 718, and the data driving signal
is applied to the data line of the LCD panel 712 through the
data side TCP 718.

[0021] A backlight assembly 720 is disposed under the
display unit 710. The backlight assembly 720 provides the
display unit 710 with uniform light. The backlight assembly
720 includes a first lamp part 723 and a second lamp part
725. The first lamp part 723 and the second lamp part 725
is disposed at both ends of the LCD module 700 and
generate lights. The first lamp part 723 includes a first lamp
723a and a second lamp 723b that are protected by a first
lamp cover 722a. The second lamp part 725 includes a third
lamp 7285a and a fourth lamp 725b that are protected by a
second lamp cover 722b.

[0022] A light guiding plate 724 has a size corresponding
to that of the LCD panel 712 of the display unit 710. The
light guiding plate 724 is disposed under the LCD panel 712,
and guides the lights generated from the first and second
lamp parts 723 and 725 toward the display unit 710 to
change a path of the lights.

[0023] The light guiding plate is an edge illuminating type
and has a uniform thickness, the first and second lamp parts
723 and 725 are disposed at both ends of the light guiding
plate 724. The first and second lamp parts 723 and 725 have
an appropriate number of lamps in view of an overall
valance of the LCD device 900 when the lamps are arranged
in the LCD device 900.

[0024] A plurality of optical sheets is disposed over the
light guiding plate 724. The optical sheets allow the lights
that are emitted from the light guiding plate 724 to advance
toward the LCD panel 712, to have a uniform brightness. A
reflection plate 724 is disposed under the light guiding plate
724, and enhances light efficiency by reflecting the lights
leaked from the light guiding plate 724 back toward the light
guiding plate.

[0025] A mold frame 730, i.c. a receiving container, sup-
ports and secures the display units 710 and the backlight
assembly 720. The mold frame 730 has a cubic shape. An
upper portion of the mold frame 730 is opened.

[0026] The data side PCB 714 and the gate side PCB 719
are bent toward an external direction of the mold frame 730.
The chassis 740 secures the data side and gate side PCBs
714 and 719 to the lower surface of the mold frame 730, to
thereby prevent the separation of the display unit 710 from
the mold frame 730. The chassis 740 is opened so as to
expose the LCD panel 710. Side surfaces of the chassis 740
are bent vertically toward inside the LCD device, and cover
portions around an upper surface of the LCD panel 710.

[0027] The LCD device 900, although not shown in FIG.
1, includes a first inverter (INV1) so as to drive the first,
second, third and fourth lamps 723a, 723b, 725a and 725b,
as shown in FIG. 2.
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[0028] Referring to FIG. 2, the first inverter INV1
includes a first transformer T1 and a second transformer T2,
a first regulator 723e and a second regulator 725¢. An output
terminal of a secondary coil of the first transformer T1 has
a high voltage level, and is connected to input terminal, i.e.
first electrodes, of the first and second lamps 723a and 723b,
respectively, through first and second ballast capacitors C1
and C2.

[0029] Each of the output terminals, i.e. a second elec-
trode, of. the first and second lamps 723a and 723b is
connected to the first regulator 723e inside the first inverter
INV1 through first and second return wires (hereinafter
referred to as RTN) 723¢ and 7234, respectively.

[0030] The first and second RTNs 723¢ and 723d are
connected to the first regulator 723e, and output a feedback
current. Referring to FIG. 2 again, each of the first elec-
trodes of the third and fourth lamps 725z and 725b is
connected to the output terminal, which has a high voltage
level, of the secondary coil of the second transformer T2
through third and fourth ballast capacitors C3 and C4.

[0031] Each of the second electrodes of the third and
fourth lamps 7254 and 725b is connected to the second
regulator 725¢ inside the first inverter INV1 through third
and fourth RTNs 725¢ and 7254, respectively, to thereby to
output feedback current.

[0032] However, when one transformer drives a plurality
of lamps and each of the lamps is connected in parallel, a
lamp current provided from one transformer is divided and
applied to each of the lamps.

[0033] Accordingly, each of the currents applied to each of
the lamps has a current difference due to a variable resis-
tance and leakage current difference of each of the lamps.
These current difference increases according as the lamp
current provided from the transformer decreases, so that
each of the lamps has different endurance because some
lamps do not operate when total lamp current is small.

TABLE 1
Current Current
Total (723a) (723b)
lamp applied to applied to Current Average
current lamp 1 lamp 2 difference current
12.7 6.9 5.8 1.1 6.35
11.2 6.6 4.6 2.0 5.60
9.7 75 2.2 53 4.85
8.0 7.0 1.0 6.0 4.00
5.8 58 0 58 2.90
4.0 4.0 0 4.0 2.00

[0034] To solve above problems, one transformer has been
connected to one lamp in one-and-one to drive the lamps, as
shown in FIG. 3.

[0035] Referring to FIG. 3, a second inverter IN2 includes
first, second, third and fourth transformers T1, T2, T3 and
T4, a first regulator 723¢ and a second regulator 725¢. First,
second, third and fourth controllers CT1, CT2, CT3 and CT4
drive the first, second, third and fourth transformers T1, T2,
T3 and T4, respectively. Each of the first electrodes of the
first and second lamps 7234 and 723b is connected to the
output terminal, which has the high voltage level, of the
secondary coil of the first and second transformers T1 and
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T2 through the first and second ballast capacitors C1 and C2,
respectively. Each of the second electrodes of the first and
second lamps 723a and 723b is connected in series to the
first regulator 723¢ inside the second inverter INV2 through
the first and second RTNs 723¢ and 723d, respectively. Also,
each of the first electrodes of the third and fourth lamps 7254
and 725b is connected to the output terminal, which has the
high voltage level, of the secondary coil of the third and
fourth transformers T3 and T4 through the third and fourth
ballast capacitors C3 and C4, respectively. Each of the
second electrodes of the third and fourth lamps 725a and
725b is connected in series to the second regulator 725¢
inside the second inverter INV2 through the third and fourth
RTNs 725¢ and 725d, respectively.

[0036] However, when one transformer is connected to
one lamp in one-and-one so as to drive the lamps, as shown
in FIG. 3, it is difficult to synchronize the frequency
between each of the transformers. Accordingly, a flickering
phenomenon that cause the lights generated from the lamp
to be flickered, occurs so that an appropriate light source as
a backlight of the L.CD device cannot be provided.

[0037] To solve above problems, as shown in FIG. 4, one
transformer has been connected to one lamp in one-and-one,
and pair of transformers has been coupled to each other.

[0038] Referring to FIG. 4, a third inverter INV3 includes
first, second, third and fourth transformers T1, T2, T3 and
T4, a first regulator 723¢ and a second regulator 725¢. A low
voltage level terminals of the primary coil of the first and
second transformers T1 and T2 are directly coupled with
each other, and a low voltage level terminals of the primary
coil of the third and fourth transformers T3 and T4 are
directly coupled with each other. A first controller CT1
drives the first and second transformers T1 and T2. A second
controller CT2 drives the third and fourth transformers T3
and T4.

[0039] A first electrode of the first lamp 7234 is connected
to the output terminal, which has the high voltage level, of
the secondary coil of the first transformer T1 through the
first ballast capacitor C1. A first electrode of the second lamp
723b is connected to the output terminal, which has the high
voltage level, of the secondary coil of the second trans-
former T2 through the second ballast capacitor C2. Each of
the second electrodes of the first and second lamps 723a and
723b is connected in series to the first regulator 723e inside
the third inverter INV3 through the first and second RTNs
723c and 723d, respectively. Also, each of the first elec-
trodes of the third lamp 725a is connected to the output
terminal, which has the high voltage level, of the secondary
coil of the third transformer T3 through the fourth ballast
capacitor C4, respectively. Each of the second electrodes of
the third and fourth lamps 7254 and 725b is connected in
series to the second regulator 725¢ inside the third inverter
INV3 through the third and fourth RTNs 725¢ and 7254,
respectively.

[0040] However, although coupling a pair of transformer
with each other may prevent the generations of the fre-
quency synchronization and flickering phenomenon, the
second electrode of each of the lamps is electrically con-
nected to the regulator through the RTN extended toward the
inverter. Accordingly, wiring may be difficult, and further
the cost of manufacturing the backlight assembly according
may increase as the number of the lamps increases.
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[0041] FIGS. 5A and 5B are a schematic view showing
lamps and inverters of a conventional direct illuminating
type LCD device, respectively.

[0042] Referring to FIG. 5A, according to the conven-
tional direct illuminating type LCD device, lamps 727 that
provide light source are arranged on a reflection plate 728
interposed between the lamps 727 and the bottom surface of
the mold frame 730. Also, since the lamps 727 provides light
sources under the bottom surface of the display unit 710, a
light guiding plate 724 of FIG. 1 that guides side light
sources to the display unit 710.

[0043] The direct illuminating type LCD device 900, as
shown in FIG. 5B, may use a plurality of lamps 727a, 727D,
727¢, 727d, 727¢, 727f, 727g and 727h. A structure of the
second inverter INV2 or the third inverter INV3, which is
shown in FIGS. 3 and 4, is employed to the structure of the
fourth inverter INV4. In other words, the engaging structure
of the plurality of lamps 727a, 727b, 727¢, 7274, 727¢, 727f,
727g and 727h is the same as in the engaging structure
between the second and third inverters INV2 and INV3.
Also, each of the second electrodes of the plurality of lamps
727a, 727b, 727c, 727d, 727e, 727f, 727¢ and 727h is
connected to a regulator (not shown) inside the fourth
inverter INV4 through each of the RTNs RTN1, RTN2,
RTN3, RTN4, RTNS, RTN6, RTN7 and RTNS.

[0044] As described above, according to the conventional
backlight assembly of the LCD device employs the CCFL,
the CCFL transforms from a low voltage signal having a
frequency of tens of kHz generated from an L.C resonance
type inverter by means of a step-up transformer into a high
voltage signal enough to start the discharging of the CCFL.
In this case, the output signal of the inverter has a sinusoidal
wave. The LC resonance type inverter has a simple structure
and has a high efficiency. However, a plurality of CCFLs
connected in parallel to each other cannot be driven with
only one L.C resonance inverter. Therefore, the direct illu-
minating type backlight assembly or the backlight assembly
having CCFLs combined with a light guiding plate needs
inverters having the same number as that of the CCFLs.

[0045] The usual CCFL operates in a condition of a
luminance of 30,000 cd/m?, and has a short endurance.
Especially, the CCFL employed in the edge illuminating
type backlight assembly emits a high luminance of lights,
but the LCD panel has a low luminance, so that the edge
illuminating type backlight assembly having CCFLs are not
appropriate for an LCD panel having a large display screen.

[0046] Also, in the direct illuminating type backlight
assembly, a plurality of CCFLs is connected in parallel, and
the plurality of CCFLs cannot be driven with only one
inverter. In the direct illuminating type backlight assembly,
the number of the CCFLs i1s limited, and the intervals
between each of the CCFLs are large, so that a light guiding
plate having a special structure is needed. Also, in the direct
illuminating type backlight assembly, the distance between
a diffusion plate and the lamp increases, so that the thickness
of the LCD panel increases.

[0047] In a flat fluorescent lamp type backlight assembly,
the LCD panel preferably has a thickness enough to prevent
the glass substrates from being broken down since the
internal pressure between the upper and lower substrate is
lower than atmospheric pressure, so that the LCD panel
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becomes heavy. Also, in the flat fluorescent lamp type
backlight assembly, bead-shaped spacers or cross-shaped
partition walls are interposed between the upper substrate
and the lower substrate. Thus, the flat fluorescent lamp type
backlight assembly may be heavy due to the thick thickness
of the LCD panel and heat may be wasted due to a low heat
efficiency. Especially, when the partition walls are
employed, the stripe patterns of the partition walls are shown
in the display screen, the luminance may not be uniform.

[0048] InanLCD device having a large-scale screen, there
has been required a backlight assembly that can guarantee a
high Iuminance and a high heat efficiency and simulta-
neously has a long endurance and lightweight, so that an
EEFL (External Electrode fluorescent Lamp) has been
developed. An external electrode is formed on a glass tube
in the EEFL.

[0049] FIGS. 6A, 6B, 6C and 6D are schematic views
showing a conventional external electrode fluorescent lamp.

[0050] In a belt type EEFL 10 shown in FIG. 6A, pairs of
belt electrodes are formed on an outer surface 12 of the glass
tube of the belt type EEFL 10, a short belt electrode is used,
and the belt type EEFL 10 is driven by a high frequency
signal having more than a few times of MHz. Since the
electrodes are formed on the outer surface 12 of the glass
tube in the belt type EEFL 10, the belt type EEFL 10 is
advantageous in that electrodes 16 and 16' can be formed on
a middle outer surface of the glass tube.

[0051] Recently, a direct illuminating type backlight
assembly having the belt type EEFLs disposed over a
reflection plate has been suggested. The belt type EEFL 10
has been driven by a high frequency signal having a few
MHz to provide a high luminance having a few times of
10,000 cd/m?*. Especially, belt type electrodes 16 and 16' can
be formed on a middle outer surface of the glass tube driven
by a high frequency when a long glass tube is used.

[0052] In a metal capsule type EEFL 20 shown in FIG.
6B, metal capsules are formed on both ends of the glass tube
22, ferroelectrics material is coated inside the metal capsule.
The above structure is disclosed in U.S. Pat. No. 2,624,858
(issued on Jun. 6, 1953). The metal capsule type EEFL 20 is
employed when the glass tube has a large radius.

[0053] In addition, as shown in FIGS. 6C and 6D, a
second type of EEFL is disclosed in the U.S. Pat. No.
2,624,858 (issued on Nov. 28, 1926). In the second type of
EEFL, both ends of the glass tube have a larger space than
the middle portion of the glass tube.

[0054] Inthe edge-illuminating or direct illuminating type
backlight assembly, a plurality of EEFLs is connected in
parallel, and the EEFLs can be driven with one inverter.
Since the electrode is not exposed to a discharging space in
the EEFL, current does not flow into the electrode, wall
current is collected at both electrode, a reverse electric field
is formed between both ends of the lamp tube, and the
discharging process stops. Then, since another lamp begins
to discharge, the wall current is formed, and a next lamp
begins to discharge sequentially, so that only one inverter
can drive a plurality of lamps.

[0055] However, an EMI (electromagnetic Interference)
trouble due to the high frequency, a low heat efficiency and
a problem due to a high frequency power supply occur since
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the above mentioned EEFLs are driven by a high frequency
signal of a few times MHz so as to provide a high luminance,
those EEFLs may not employed as a light source in the
backlight assembly.

[0056] In other words, when the EEFL is driven by the
inverter producing sinusoidal wave so as to drive the CCFL,
since the wall current cannot be controlled effectively, the
EEFL has a very lower luminance and very lower heat
efficiency compared with an EEFL with a glass tube.

[0057] Also, when the LC resonance inverter driving the
CCFL is employed in the EEFL, the EEFL. may not be
employed as a light source of the backlight assembly
because of a very low and very low heat efficiency.

BRIEF SUMMARY OF THE INVENTION

[0058] Accordingly, the present invention is provided to
substantially obviate one or more problems due to limita-
tions and disadvantages of the related art.

[0059] It is a first feature of the present invention to
provide a backlight assembly having external electrode
fluorescent lamps (EEFLs) that can be driven in a constant
current level when a plurality of EEFLs, in which an
external electrode is formed at both ends of the lamp tube,
and a plurality of EIFLs (External Inner electrode fluores-
cent Lamps), in which an external electrode is formed at one
end of the glass tube and an inner electrode is formed at the
other end of the glass tube, are connected in parallel and are
driven by a floating type fluorescent lamp driving method.

[0060] It is a second feature of the invention to provide a
backlight assembly having external electrode fluorescent
lamps (EEFLs) that can be driven in a constant current level
by using a feedback signal from an inverter when the
plurality of EEFL and the plurality of EIFL are connected in
parallel and are driven by a floating type fluorescent lamp
driving method.

[0061] TItis a third feature of the invention to provide an a
backlight assembly having external electrode fluorescent
lamps (EEFLs) that can be driven in a constant current level
when the plurality of EEFL and the plurality of EIFL are
connected in parallel and are driven by a ground type
fluorescent lamp driving method.

[0062] Itis a fourth feature of the invention to provide an
EEFL driving method of driving external electrode fluores-
cent lamps (EEFLs) according to the first feature of the
invention.

[0063] It is a fifth feature of the invention to provide an
EEFL driving method of driving external electrode fluores-
cent lamps (EEFLs) according to the second feature of the
invention.

[0064] It is a sixth feature of the invention to provide an
EEFL driving method of driving external electrode fluores-
cent lamps (EEFLs) according to the third feature of the
invention.

[0065] Itis aseventh feature of the invention to provide an
LCD apparatus having a backlight assembly according to the
first feature of the invention.

[0066] Itis an eighth feature of the invention to provide an
LCD apparatus having a backlight assembly according to the
second feature of the invention.
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[0067] Tt is a ninth feature of the invention to provide an
LCD apparatus having a backlight assembly according to the
third feature of the invention.

[0068] According to an aspect of the present invention for
achieving the first feature of the present invention, there is
provided a backlight assembly having an external electrode
fluorescent lamp, and the backlight assembly includes a
lamp driving means, a light emitting means and an optical
distribution changing means. According to the first feature
of the present invention, the lamp driving means receives an
external DC power signal and an external dimming signal,
converts the external DC power signal into an AC power
signal, controls a voltage level of the AC power signal using
the external dimming signal, and raises a voltage level of the
AC power signal having the controlled voltage level to
produce a raised AC power signal. The light emitting means
has a lamp unit and generates a light based on the raised AC
power signal. The lamp unit includes a plurality of parallel-
connected external electrode fluorescent lamps, and at least
one end of each of the external electrode fluorescent lamps
has an external electrode. The optical distribution changing
means changes an optical distribution of the light generated
from the light emitting means.

[0069] According to another aspect of the present inven-
tion for achieving the second feature of the present inven-
tion, the light emitting means has a lamp unit for generating
a light, the lamp unit includes a plurality of parallel-
connected external electrode fluorescent lamps, and an
external electrode is disposed at least one end of each of the
external electrode fluorescent lamps. The lamp driving
means receives an external DC power signal and an external
dimming signal, converts the external DC power signal into
an AC power signal, detects a level of a current supplied to
the lamp unit, controls a level of a voltage of the AC power
signal supplied to the lamp unit based on the external
dimming signal and the detected current level, and raises a
voltage level of the AC power signal having the controlled
voltage level to provide the lamp unit with the raised AC
power signal so as to control the lamp unit to generate the
light using the raised AC power signal. The optical distri-
bution changing means changes an optical distribution of the
light generated from the light emitting means.

[0070] According to an aspect of the present invention for
achieving the third feature of the present invention, the light
emitting means has a lamp unit for generating a light. The
lamp unit includes a plurality of parallel-connected external
electrode fluorescent lamps. An external electrode is dis-
posed at least one end of each of the external electrode
fluorescent lamps. A first end of the lamp unit is connected
to a ground. The lamp driving means receives an external
DC power signal, converts the external DC power signal into
an AC power signal, detects a level of a current supplied to
the lamp unit, controls a level of a voltage of the AC power
signal supplied to the lamp unit based on the detected current
level, and raises a voltage level of the AC power signal
having the controlled voltage level to provide the lamp unit
with the raised AC power signal so as to control the lamp
unit to generate the light using the raised AC power signal.
The optical distribution changing means changes an optical
distribution of the light generated from the light emitting
means.

[0071] According to an aspect of the present invention for
achieving the fourth feature of the present invention, there is
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provided a method of driving an external electrode fluores-
cent lamp in a lamp unit. The lamp unit includes a plurality
of parallel- connected external electrode fluorescent lamps,
and an external electrode is disposed at least one end of each
of the external electrode fluorescent lamps. After converting
an external dimming signal into an analogue dimming
signal, a switching signal is generated based on an external
on-off control signal and the analogue dimming signal. An
external DC power signal is received, and the DC power
signal is converted into a pulse power signal based on the
switching signal. After converting the pulse power signal
into an AC power signal, a voltage level of the AC power
signal is raised to produce a raised AC power signal and then
the lamp unit is provided with the raised AC power signal.

[0072] According to an aspect of the present invention for
achieving the fifth feature of the present invention, after
converting an external dimming signal into an analogue
dimming signal, a first switching signal is generated based
on an external on-off control signal and the analogue dim-
ming signal. An external DC power signal is received, and
the received DC power signal is converted into a pulse
power signal based on the first switching signal. After
converting the pulse power signal into an AC power signal,
a voltage level of the AC power signal is raised to produce
a raised AC power signal, and then a first end of the lamp
unit is provided with a first raised AC power signal of the
raised AC power signal. A second end of the lamp unit is
provided with a second raised AC power signal of the raised
AC power signal, and the second raised AC power signal has
a phase difference of about 180° with respect to the first
raised AC power signal. After detecting a current level of a
current supplied to the lamp unit, a current level signal is
produced. A second switching signal is generated based on
the current level signal, the on-off control signal and the first
switching signal, and then returning back to the step in
which the external DC power signal is received and the DC
power signal is converted into the pulse power signal based
on the first switching signal.

[0073] According to an aspect of the present invention for
achieving the sixth feature of the present invention, there is
provided a method of driving an external electrode fluores-
cent lamp in a lamp unit. The lamp unit includes a plurality
of parallel- connected external electrode fluorescent lamps,
an external electrode is disposed at least one end of each of
the external electrode fluorescent lamps, and a first end of
the lamp unit is connected to a ground. After converting an
external dimming signal into an analogue dimming signal, a
first switching signal is generated based on an external
on-off control signal and the analogue dimming signal. An
external DC power signal is received, and the DC power
signal is converted into a pulse power signal based on the
first switching signal. After converting the pulse power
signal into an AC power signal, a voltage level of the AC
power signal is raised, and a raised AC power signal is
produced. A second end of the lamp unit is provided with the
raised AC power signal. After detecting a current level of a
current supplied to the lamp unit, a current level signal is
produced. A second switching signal is generated based on
the current level signal, the on-off control signal and the first
switching signal, and then returning back to the step in
which the external DC power signal is received and the DC
power signal is converted into the pulse power signal based
on the first switching signal.
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[0074] According to an aspect of the present invention for
achieving the seventh feature of the present invention, there
is provided a liquid crystal display apparatus including a
backlight assembly and a display unit. The backlight assem-
bly includes a lamp driving means, a light emitting means
and an optical distribution changing means. The lamp driv-
ing means receives an external DC power signal and an
external dimming signal, converts the external DC power
signal into an AC power signal, controls a voltage level of
the AC power signal using the external dimming signal, and
raises a voltage level of the AC power signal having the
controlled voltage level to produce a raised AC power
signal. The light emitting means has a lamp unit and
generates a light based on the raised AC power signal, the
lamp unit includes a plurality of parallel-connected external
electrode fluorescent lamps, and at least one end of each of
the external electrode fluorescent lamps has an external
electrode. The optical distribution changing means changes
an optical distribution of the light generated from the light
emitting means. The display unit is disposed on the optical
distribution changing means and displays an image by
receiving the light from the light emitting means.

[0075] According to an aspect of the present invention for
achieving the eighth feature of the present invention, a light
emitting means has a lamp unit for generating a light, the
lamp unit includes a plurality of parallel-connected external
electrode fluorescent lamps, and an external electrode is
disposed at least one end of each of the external electrode
fluorescent lamps. A lamp driving means receives an exter-
nal DC power signal and an external dimming signal,
converts the external DC power signal into an AC power
signal, detects a level of a current supplied to the lamp unit,
controls a level of a voltage of the AC power signal supplied
to the lamp unit based on the external dimming signal and
the detected current level, and raises a voltage level of the
AC power signal having the controlled voltage level to
provide the lamp unit with the raised AC power signal so as
to control the lamp unit to generate the light using the raised
AC power signal. An optical distribution changing means
changes an optical distribution of the light generated from
the light emitting means. A display unit is disposed on the
optical distribution changing means and displays an image
by receiving the light from the light emitting means.

[0076] According to an aspect of the present invention for
achieving the ninth feature of the present invention, a light
emitting means has a lamp unit for generating a light, the
lamp unit includes a plurality of parallel-connected external
electrode fluorescent lamps, an external electrode is dis-
posed at no less than one end of each of the external
electrode fluorescent lamps, and a first end of the lamp unit
is connected to a ground. A lamp driving means receives an
external DC power signal, converts the external DC power
signal into an AC power signal, detects a level of a current
supplied to the lamp unit, controls a level of a voltage of the
AC power signal supplied to the lamp unit based on the
detected current level, and raises a voltage level of the AC
power signal having the controlled voltage level to provide
the lamp unit with the raised AC power signal so as to
control the lamp unit to generate the light using the raised
AC power signal. An optical distribution changing means
changes an optical distribution of the light generated from
the light emitting means. A display unit is disposed on the
optical distribution changing means and displays an image
by receiving the light from the light emitting means.
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[0077] According to the backlight assembly having exter-
nal electrode fluorescent lamps, a driving method thereof
and an LCD apparatus having the same, a plurality of
EEFLs, in which an external electrode(s) is (are) formed at
one or both ends of the glass tube, are connected in parallel,
a constant voltage is provided to the EEFLs, so that the
EEFLs can maintain a constant current level and the back-
light assembly has a uniform luminance, and simultaneously
a high luminance and a high heat efficiency can be obtained.

[0078] According to the present invention, when a plural-
ity of EEFLs, which have external electrode fluorescent
lamps at both ends of the lamps or EIFLs, which have
external electrode fluorescent lamps at one ends of each of
the lamps, connected in parallel are driven by the floating or
ground type lamp driving method, the luminance level of the
lamps can be controlled by providing an AC power signal of
a constant voltage level to the lamps in response to an
external dimming signal. Also, even though one lamp of the
plurality of lamps is broken and cannot operate normally, the
other lamps are not affected by the broken lamp and the
voltage level between both ends of the lamps is constantly
maintained.

[0079] In addition, according to the present invention,
when a plurality of EEFLs connected in parallel are driven
by the floating type lamp driving method, the lamp current
of the lamp is indirectly detected by means of the primary
coil of a transformer, and the voltage level between both
ends of the lamps can be constantly maintained by control-
ling an external DC power signal in response to an detected
lamp current. Also, the lamp current of the lamp is directly
detected by means of the secondary coil of the transformer,
the voltage level between both ends of the lamps can be
constantly maintained by controlling an external DC power
signal in response to the detected lamp current.

[0080] In addition, according to the present invention,
when a plurality of EEFLs connected in parallel are driven
by the ground type lamp driving method, the luminance
level of the lamps can be controlled and the voltage level
between both ends of the lamps can be constantly main-
tained by controlling an DC power signal in. response to an
external dimming signal. The lamp current of the lamp is
indirectly detected by means of the primary coil of a
transformer in an inverter, and the voltage level between
both ends of the lamps can be constantly maintained by
controlling an external DC power signal in response to a
detected lamp current.

BRIEF DESCRIPTION OF THE DRAWINGS

[0081] The above and other advantages of the present
invention will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
accompanying drawings, in which:

[0082] FIG. 1 is an exploded perspective view showing a
conventional LCD device;

[0083] FIGS. 2, 3 and 4 are circuit diagrams showing
examples of inverters for driving a lamp of a backlight
assembly of FIG. 1;

[0084] FIGS. 5A and 5B are a schematic view showing
lamps and inverters of a conventional direct illuminating
type LCD device, respectively;



US 2003/0214478 Al

[0085] FIGS. 6A, 6B, 6C and 6D are schematic views
showing conventional external electrode fluorescent lamps;

[0086] FIG. 7A is a schematic view showing a ground
type fluorescent lamp;

[0087] FIG. 7B is a graph showing a potential difference
between both ends of the EEFL in the ground type fluores-
cent lamp;

[0088] FIG. 8A is a schematic view showing a floating
type fluorescent lamp;

[0089] FIG. 8B is a graph showing a potential difference
between both ends of the EEFL in the floating type fluores-
cent lamp;

[0090] FIG. 9 is a circuit diagram showing a lamp driving
device of a backlight assembly according to a first exem-
plary embodiment of the present invention,

[0091] FIGS. 10A and 10B is a graph showing difference
in luminance and light efficiency characteristics between a
backlight assembly having EEELs and a backlight assembly
having a CCFL;

[0092] FIG. 11 is a circuit diagram showing a lamp
driving device of a backlight assembly according to a second
exemplary embodiment of the present invention;

[0093] FIG. 12is a flowchart showing a method of driving
lamps by means of the lamp driving device without feedback
control according to one exemplary embodiment of the
present invention,

[0094] FIG. 13 is a circuit diagram showing a lamp
driving device of a backlight assembly according to a third
exemplary embodiment of the present invention;

[0095] FIG. 14 is a circuit diagram showing a lamp-
current detecting part of FIG. 13;

[0096] FIG. 15 is a circuit diagram showing a feedback
controller of FIG. 13;

[0097] FIG. 16 is a circuit diagram showing a lamp
driving device of a backlight assembly according to a fourth
exemplary embodiment of the present invention;

[0098] FIG. 17 is a circuit diagram showing a lamp-
current detecting part of FIG. 16;

[0099] FIG. 18 is a flowchart showing a method of driving
lamps by means of a floating type lamp driving device with
feedback control according to another exemplary embodi-
ment of the present invention;

[0100] FIG. 19 is a circuit diagram showing a lamp
driving device of a backlight assembly according to a fifth
exemplary embodiment of the present invention;

[0101] FIG. 20 is a circuit diagram showing a lamp
driving device of a backlight assembly according to a sixth
exemplary embodiment of the present invention; and

[0102] FIG. 21 is a flowchart showing a method of driving
lamps by means of a ground type lamp driving device with
feedback control according to another exemplary embodi-
ment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0103] Hereinafter, a floating type fluorescent lamp driv-
ing method and a ground type fluorescent lamp driving
method is explained briefly.
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[0104] In general, when driving EIFLs, in which an exter-
nal electrode is formed at one end of the glass tube, or
EEFLs, in which an external electrode is formed at both ends
of the glass tube, floating and ground type fluorescent lamp
driving method is employed depending on a power supply-
ing section, i.e. inverter, for applying an AC power signal to
the lamps. When driving the lamps by applying the same
lamp tube current thereto in both types of fluorescent lamp
driving method, the voltage between both ends of each of the
lamps is the same, as shown in table 2.

TABLE 2

Voltage between  Potential difference Potential difference
both ends of the between (+) and (-) between (+) and (-)

lamp in a hot electrode  in a cold electrode
Ground 1000V 2000V ov
type
Floating 1000 V 1000 V 1000 V
type
[0105] Hereinafter the preferred embodiment of the

present invention will be described in detail with reference
to the accompanying drawings.

[0106] FIG. 7A is a schematic view showing a ground
type fluorescent lamp, and FIG. 7B is a graph showing a
potential difference between both ends of the EEFL in the
ground type fluorescent lamp.

[0107] Referring FIG. 7B, voltage between both ends of
the EEFL in the ground type fluorescent lamp is the. same
as that in the floating type fluorescent lamp. However, when
an AC power signal is applied to the electrodes and a plasma
potential inside lamp tube is disregarded, the potential
difference between (+) level and (-) level is twice the
voltage between both ends of the EEFL in the hot electrode,
and the potential difference between (+) level and (=) level
in the cold electrode is 0 Volt.

[0108] FIG. 8A is a schematic view showing a floating
type fluorescent lamp, and FIG. 8B is a graph showing a
potential difference between both ends of the EEFL in the
floating type fluorescent lamp.

[0109] Referring to FIG. 8B, the voltage between both
ends of the EEFL in the floating type fluorescent lamp is the
same as that in the ground type fluorescent lamp. However,
in both hot and cold electrodes, the potential difference
between (+) level and (=) level is about the same as the
voltage between both ends of the EEFL.

[0110] When a floating type inverter drives the EEFL, the
endurance of the external electrode of the lamp increases.

[0111] FIG. 9 is a circuit diagram showing a lamp driving
device of a backlight assembly according to a first exem-
plary embodiment of the present invention.

[0112] Referring to FIG. 9, the lamp driving device
according to the first exemplary embodiment of the present
invention includes a power transistor Q1, a diode D1, an
inverter 120, a digital-to-analogue converter (DAC) 130, a
pulse width modulation (PWM) control part 140 and a
power transistor driving part 150. The lamp driving device
converts an external DC power signal into an AC power
signal, and supplies the AC power signal to the lamp array
110, i.c. external electrode fluorescent lamps connected in
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parallel. The lamp driving device according to the first
exemplary embodiment of the present invention can be used
not only in the EEFL, in which an external electrode is
formed at both ends of a lamp tube, but also in the EIFL
(External Inner electrode Fluorescent Lamp), the EIFL hav-
ing external electrodes at one end of a lamp tube and an inner
electrode at the other end of the lamp tube. Although not
shown in FIG. 9, a ballast capacitor can be inserted at one
end of the lamps or at both ends of the lamps.

[0113] The power transistor Q1 is turned on in response to
a switching signal input through a gate thereof, has a source
for receiving an DC power signal, and a drain for outputting
a pulse power signal to the inverter 120. The pulse power
signal is a power signal that swings between a zero voltage
level and the voltage level of the DC power signal.

[0114] A cathode of the diode D1 is connected to the drain
of the power transistor Q1, and an anode of the diode D1 is
connected to a ground, so that the diode D1 prevents a rush
current from the inverter 120 from flowing into the power
transistor Q1.

[0115] The inverter 120 includes an inductor L, a trans-
former 122, a resonant capacitor C1, first and second resis-
tors R1 and R2 and first and second transistors Q2 and Q3.
Afirst end of the inverter 120 is connected to the drain of the
power transistor Q1. The inverter 120 converts the pulse
power signal outputted from the power transistor Q1 into an
AC power signal, and provides each of the lamps in the lamp
array 110 with the converted AC power signal. For example,
the inverter 120 may be a resonance type royer inverter.

[0116] More particularly, a first end of the inductor L is
connected to the drain of the power transistor Q1, removes
impulse from the pulse power signal, and outputs the
impulse-removed power signal through the second end of
the inductor L. The inductor L. accumulates electromagnetic
energy, returns and averages a counter electromotive force
back to the diode D1 during a turn-off period of the power
transistor Q1, i.e. serves as a kind of switching regulator.

[0117] The transformer 122 includes first and second coils
T1 and T2 and a third coil T3. The first and second coils T1
and T2 correspond to a primary coil, and the third coil T3
corresponds to a secondary coil. The AC power signal that
is applied to the first coil T1 through the inductor L is
transmitted to the third coil T3 by an electromagnetic
induction, and is converted into a high voltage AC signal.
The converted high voltage AC signal is applied to the lamp
array 110. The first coil T1 receives the AC power signal
from the inductor L through a center tap.

[0118] The second coil T2 turns on selectively one of the
first and second transistors Q2 and Q3 in response to the AC
power signal applied to the first coil T1.

[0119] The resonant capacitor C1 is connected in parallel
to both ends of the first coil T1 to make an LC resonance
circuit together with an inductance of the first coil T1.

[0120] A base of the first transistor Q2 is connected to the
inductor L through the first resistor R1 and receives the AC
power signal through the resistor R1. A collector of the first
transistor Q2 is connected to a first end of the resonant
capacitor C1 and a first end of the first coil T1 to drive the
transformer 122. A base of the second transistor Q3 is
connected to the inductor L through the second resistor R2.
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A collector of the second transistor Q3 is connected to a
second end of the resonant capacitor C1 and a second end of
the first coil T1 to drive the transformer 122. An emitter of
the second transistor Q3 is connected to the emitter of the
first transistor Q2 and is commonly connected to the ground.

[0121] The DAC 130 converts an external dimming signal
(DIMM) into an analog signal, and outputs the converted
analog dimming signal to the PWM control part 140. The
dimming signal is inputted by a user so as to control the
brightness of the lamp, and has a constant duty value as a
digital value.

[0122] The PWM control part 140 may be an on/off
controller. The PWM control part is turned on or off by an
external on/off control signal, and provides the power tran-
sistor driving part 150 with a switching signal 143, which
controls the voltage level of the AC power signal provided
to each of the lamps, in response to the converted analog
dimming signal. The PWM control part 140 can further
includes an oscillator (not shown) so as to provide an
oscillating signal to the on/off controller 142 without oscil-
lation function.

[0123] The power transistor driver 150 amplifies the signal
143 that controls the voltage level of the AC power signal
provided from the PWM control part 140, and provides the
power transistor Q1 with the amplified signal 151. In other
words, the signal outputted from the PWM control part 140
has a low voltage level that is not enough to be applied to the
power transistor Q1, so that the power transistor driver is
employed so as to amplify the low voltage level signal.

[0124] Hereinafter, the power supplying part is described
in detail. The power supplying part, i.e. the inverter 120,
converts an AC signal having a low voltage level into an AC
signal having a high voltage level.

[0125] The pulse power signal that is converted by the
power transistor Q1 is applied to the base of a first transistor
Q2 through the first resistor R1. Both ends of the first coil
T1 are connected in parallel to a collector of each of the first
and second transistors Q2 and Q3 of which emitter is
connected to the ground, and the capacitor C1 is connected
in parallel to collector of each of the first and second
transistors Q2 and Q3.

[0126] The pulse power signal is applied to the center tap
of first coil T1 of the transformer 122 through the inductor
L. The inductor L includes a choke coil that converts the
current provided to the inverter 120 into a constant current.

[0127] The third coil T3 has more winding number than
the first coil T1 so as to raise the voltage level. The plurality
of lamps in the lamp array is connected in parallel to the
third coil T3 of the transformer 122 to provide each of the
fluorescent lamps with a constant voltage. The constant
voltage has a positive peak value and a negative peak value,
and the negative peak value can has the same magnitude as
the positive peak value, or an interval between the negative
peak and the positive peak can be constant.

[0128] A first end of the second coil T2 of the transformer
122 is connected to the base of the first transistor Q2. A
second end of the second coil T2 is connected to the base of
the second transistor Q3. The second coil T2 provides the
bases of each of the first and second transistors Q2 and Q3
with a voltage applied to the second coil T2.
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[0129] Hereinafter, the operation of the inverter 120 is
described in detail.

[0130] First, when the pulse power signal is applied to the
inverter 120, a current flows into the first coil T1 of the
transformer 122 through the inductor L, and simultaneously
the pulse power signal is applied to the base of the first
transistor Q2 through the first resistor R1 and the pulse
power signal is applied to the base of the second transistor
Q3 through the second resistor R2. A resonance circuit is
formed by the reactance of the first coil T1 and the resonant
capacitor C1.

[0131] Accordingly, at the secondary coil, i.e. between
both ends of the third coil T3, a raised voltage is generated
by a turn ratio, which means (T3’s winding number)/ (T1’s
winding number). At the same time, at the primary coil of
the transformer 122, i.e. at the second coil T2, a current of
the second coil T2 flows in a reverse direction to the current
direction of the first coil T1.

[0132] Then, a voltage level is raised at the third coil T3
by the turn ratio of (T3’s winding number)/(T1’s winding
number), and a high voltage signal having a frequency and
phase synchronized with the voltage signal of the primary
coil. Accordingly, the flickering phenomenon can be pre-
vented.

[0133] According to the first exemplary embodiment of
the present invention, a plurality of EEFLs is connected in
parallel so as to drive the backlight assembly having the
EEFLs. However, EIFLs may replace the EEFLs, or a
plurality of EIFLs may be connected in parallel so as to drive
the backlight assembly having the EIFLs. Also, EIFLs and
EEFLs may be used together to be connected in parallel with
each other in a lamp array.

[0134] According to the first exemplary embodiment of
the present invention, when a plurality of EEFLs connected
in parallel are driven by the floating type lamp driving
method, the luminance level of the fluorescent lamp can be
controlled by providing an AC power signal of a constant
voltage level to both ends of the fluorescent lamp in response
to the external dimming signal.

[0135] In addition, even though one fluorescent lamp is
broken and cannot operate normally, the other fluorescent
lamps are not affected by the broken fluorescent lamp
because the voltage level between both ends of the fluores-
cent lamps is constantly maintained. In other words, except
that all the fluorescent lamp connected in parallel is broken,
a lamp tube current flows to form a closed current through
at least one fluorescent lamp, so that the danger of the fire
due to the leakage of current can be removed.

[0136] Hereinafter, the effects of the present invention is
described by comparing the backlight assembly having a
lamp driving device for driving the EEFLs with the back-
light assembly having a lamp driving device for driving the
conventional CCFLs.

TABLE 3

Direct illuminating

type CCFL module EEFL module

Luminance 450 nits (or cd/m?)
Color coordinate [0.268, 0.306] [0.288, 0.344]
8%, v]
Uniformity of 75%

luminance
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TABLE 3-continued

Direct illuminating

type CCFL module EEFL module
Panel 3.74%
transmissivity
Contrast 472.3 527.3
Power 31 watts 31 watts;
consumption 33 watts in case of
compensated color
coordinate
Power supplying  Serially connected lamps Parallel connected lamps
part (Inverter) 65 kHz 65 kHz

Ground type Floating type

[0137] The backlight assembly having EEFLs connected
in parallel according to the present invention has power
consumption increased by 2 watts when the color coordinate
of the EEFL module is compensated so as to be the same
color coordinate as that of the backlight assembly having
CCFLs, but this is not significant.

[0138] The backlight assembly having EEFLs connected
in parallel of the present invention, as shown in Table 3, has
a contrast higher than the direct illuminating type CCFL
module, and has the same light efficiency (luminance/power
consumption) as the direct illuminating type CCFL module.
The EEFLs module can be employed for the backlight
assembly at a lower price than the direct illuminating type
CCFL module.

[0139] FIGS. 10A and 10B is a graph showing difference
in luminance and light efficiency characteristics between a
backlight assembly having EEELSs and a backlight assembly
having a CCFL.

[0140] Referring to FIG. 10A, the backlight assembly
having EEFLs has the same characteristics of normalized
luminance as that of the backlight assembly having CCFLs
after 2 or 3 minutes, but the backlight assembly having
EEFLs has an enhanced characteristic of normalized lumi-
nance compared with that of the backlight assembly having
CCFLs directly after the EEFLs are turned on. In other
words, the backlight assembly having EEFLs has an
enhanced characteristic of luminance saturation compared
with that of the backlight assembly having CCFLs.

[0141] Referring to FIG. 10B, the backlight assembly
having EEFLs according to the first exemplary embodiment
of the present invention has a similar characteristic of light

efficiency compared with that of the backlight assembly
having CCFLs.

[0142] As shown in Table 3, FIGS. 10A and 10B, the
backlight assembly may employs the EEFLs because the
EEFLs has a lower price than the CCFLs, and even though
the backlight assembly does not employ any feedback
control method, the backlight assembly employing EEFLs
has not significant different characteristics of luminance
uniformity, light efficiency and luminance saturation com-
pared with the backlight assembly employing CCFLs.

[0143] FIG. 11 is a circuit diagram showing a lamp
driving device of a backlight assembly according to a second
exemplary embodiment of the present invention, especially
shows a ground type lamp driving device without feedback
function.
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[0144] Referring to FIG. 11, the lamp driving device
according to the second exemplary embodiment of the
present invention includes a power transistor Q1, a diode
D1, an inverter 220, a digital-to-analogue converter DAC
130, a PWM control part 140 and a power transistor driving
part 150. The lamp driving device converts external DC
power signal into AC power signal, and supplies the AC
power signal to the lamp array 210, i.c. external electrode
fluorescent lamps connected in parallel. Hereinafter, like
reference numerals identify similar or identical elements,
and detailed descriptions about the identical elements will be
omitted.

[0145] Compared with FIG. 9, the differences are as
followings. A first end of the third coil T3, which is a
secondary coil of the transformer 222 in the inverter 220, is
connected to the ground. Also, each of the hot electrodes is
commonly connected with each other and receives a raised
AC power signal from the inverter 220, and all the cold
electrodes is commonly connected to the ground.

[0146] According to the second exemplary embodiment of
the present invention, when a plurality of EEFLs or EIFLs
connected in parallel are driven by the ground type lamp
driving method, the luminance level of the fluorescent lamp
can be controlled by providing an AC power signal of a
constant voltage level to one end of the fluorescent lamp in
response to an external dimming signal.

[0147] In addition, even though one fluorescent lamp is
broken and cannot operate normally, the other fluorescent
lamps are not affected by the broken fluorescent lamp
because the voltage level between both ends of the fluores-
cent lamps is constantly maintained. In other words, except
all the fluorescent lamp connected in parallel is broken, a
lamp tube current flows to form a closed current through at
least one fluorescent lamp, so that the danger of the fire due
to the leakage of current can be removed.

[0148] FIG. 12is a flowchart showing a method of driving
lamps by means of the lamp driving device without feedback
control according to one exemplary embodiment of the
present invention, especially shows procedures for supply-
ing power signal to the lamps before/after the voltage level
is raised by the transformer by means of the lamp driving
device without feedback function according to FIGS. 9 and
11.

[0149] Referring to FIG. 12, a power signal is supplied to
the lamp driving device so as to turn on the lamps of the
backlight assembly (step S110). The lamp driving device
converts an dimming signal into an analog dimming signal
(step S120), generates a switching signal based on the
converted analog dimming signal (step S130), and receives
an external DC power signal (step S140).

[0150] Then, the lamp driving device converts the DC
power signal into a pulse power signal (step S150), and
converts the pulse power signal into an AC power signal
(step S160). The power transistor Q1 is turned on in
response to a switching signal input through a gate thereof,
and has a source for receiving a DC power signal, and a
drain for outputting a pulse power signal to the inverter 220.
The pulse power signal is a power signal that swings
between a ground voltage level and the voltage level of the
DC power signal.

[0151] Then, the lamp driving device raises the voltage
level of the AC power signal (step S170), and provides both
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ends of the lamps or one end of the lamps (step S180) with
the raised AC power signal. As shown in FIG. 9, the
secondary coil of the transformer 122 is connected to both
ends of each of the lamps, the voltage level of the AC power
signal is raised by the transformer 122, and the raised AC
power signal is provided to both ends of each of the lamps.
As shown in FIG. 11, one end of the secondary coil of the
transformer 222 is connected to one end of each of the lamps
and the other end of the secondary coil of the transformer
222 is connected to the ground, the voltage level of the AC
power signal is raised by the transformer 222, and the raised
AC power signal is provided to the hot electrode of each of
the lamps.

[0152] Next, the lamp driving device checks whether or
not the power is turned off (step S190). If the power is off,
the lamp driving device finishes lamp driving operation. If
the power is turned on, the lamp driving device repeatedly
performs step S120 to provide the lamps with the raised AC
power signal.

[0153] FIG. 13 is a circuit diagram showing a lamp
driving device of a backlight assembly according to a third
exemplary embodiment of the present invention, especially
shows a floating type lamp driving device that detects a lamp
current from the input terminal of the transformer.

[0154] Referring to FIG. 13, the lamp driving device
according to a third exemplary embodiment of the present
invention includes a power transistor Q1, a diode D1, an
inverter 220, a lamp-current detecting part 330, a pulse
width modulation (PWM) control part 340 and a power
transistor driving part 150. The lamp driving device converts
an external DC power signal into an AC power signal, and
supplies the AC power signal to the lamp array 110, i.e.
lamps connected in parallel. Hereinafter, compared with
FIG. 9, like reference numerals identify similar or identical
elements, and detailed descriptions about the identical ele-
ments will be omitted.

[0155] The inverter 320 includes an inductor L, a trans-
former 322, a resonant capacitor C1, first and second resis-
tors R1 and R2 and first and second transistors Q2 and Q3.
Afirst end of the inverter 320 is connected to the drain of the
power transistor Q1. The inverter 320 converts the pulse
power signal outputted from the power transistor Q1 into an
AC power signal, and provides each of the lamps in the lamp
array 110 with the converted AC power signal. For example,
the inverter 320 may be a resonance type royer inverter.

[0156] A base of the first transistor Q2 is connected to the
inductor L through the first resistor R1 and receives the AC
power signal through the resistor R1, and a collector of the
first transistor Q2 is connected to a first end of the resonant
capacitor C1 and a first end of the first coil T1 to drive the
transformer 322.

[0157] A base of the second transistor Q3 is connected to
the inductor L through the second resistor R2. A collector of
the second transistor Q3 is connected to a second end of the
resonant capacitor C1 and a second end of the first coil T1
to drive the transformer 322. An emitter of the second
transistor Q3 is connected to the emitter of the first transistor
Q2 and is commonly connected to the ground.

[0158] The lamp-current detecting part 330 rectifies an AC
signal 321 inputted from the emitters of the transistors Q2
and Q3 to convert the AC signal 321 into a DC signal 331,
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and outputs the DC signal 331 to a PWM control part 340.
A specific circuit of the lamp-current detecting part 330 is
described in FIG. 14.

[0159] The PWM control part 340 includes a feedback
controller 342 and an on/off controller 344, is turned on or
off by an external on/off control signal, and provides the
power transistor driving part 150 with a switching signal
345, which controls the voltage level of the AC power signal
provided to each of the lamps, in response to an analog
dimming signal. The PWM control part 340 controls a pulse
width in correspondence with an output error to output a
regulated output voltage. For example, the PWM control
part 340 may be an IC (Integrating Circuit) chip.

[0160] Also, a feedback controller 342 is necessary for
regulating the output voltage, and an exemplary specific
circuit of the feedback controller 342 is shown in FIG. 15.

[0161] A power transistor driver 150 amplifies a signal
345 that controls the voltage level of the AC power signal
provided from the PWM control part 340, and provides the
power transistor Q1 with the amplified signal 151.

[0162] FIG. 14 is a circuit diagram showing a lamp-
current detecting part of FIG. 13.

[0163] Referring to FIG. 14, the lamp-current detecting
part 330 includes a second capacitor C2, a third resistor R3,
a second diode D2, and a fourth resistor R4. A first end of
the second capacitor C2 is connected to the ground, and the
second end of the second capacitor C2 is connected to the
emitters of the transistors Q2 and Q3 through the fourth
resistor R4. The third resistor R3 is connected in parallel to
both ends of the second capacitor C2, and the second diode
D2 is connected in parallel to both ends of the second
capacitor C2. A first end of the fourth resistor R4 is con-
nected to a second end of the second diode D2. Asecond end
of the fourth resistor R4 is connected to the PWM control
part 340 to output the detected lamp current to the fourth
resistor R4.

[0164] When the AC signal 321 is inputted from the
emitters of the transistors Q2 and Q3, the AC signal 321 is
rectified by the capacitor C2, the resistor R3 and the diode
D2 to be converted into a DC signal 331, and the DC signal
331 is applied to the feedback controller 340 through the
fourth resistor R4.

[0165] FIG. 15 is a circuit diagram showing a feedback
controller of FIG. 13.

[0166] Referring to FIG. 15, the DC signal 331 outputted
from the lamp-current detecting part 330 is inputted to a
non-inverting terminal of the first operational amplifier OP1,
and compared with the reference signal, i.e. the dimming
signal DIMM. The error between the dimming signal and the
DC signal 331 is amplified through an error amplifier 342-a,
and is compared with a triangular wave to be a square wave.
The square wave is inputted to the on/off controller 344. The
PWM controller 340 further includes an oscillator 343 so as
to provide the on/off controller 344 with an oscillating signal
without oscillation function.

[0167] According to the third exemplary embodiment of
the present invention, when a plurality of EEFLs or EIFLs
connected in parallel are driven by the floating type lamp
driving method, the lamp current of the fluorescent lamp is
indirectly detected by means of the primary coil of the
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transformer, the luminance level of the fluorescent lamp can
be controlled by providing an AC power signal of a constant
current level to both ends of the fluorescent lamp in response
to the detected lamp current and the external dimming
signal.

[0168] FIG. 16 is a circuit diagram showing a lamp
driving device of a backlight assembly according to a fourth
exemplary embodiment of the present invention, and espe-
cially shows a floating type lamp driving device that detects
lamp current from the output terminal of the transformer.

[0169] Referring to FIG. 16, the lamp driving device
according to a fourth exemplary embodiment of the present
invention includes a power transistor Q1, a diode D1, an
inverter 420, a lamp-current detecting part 430, a pulse
width modulation (PWM) control part 340 and a power
transistor driving part 150. The lamp driving device converts
an external DC power signal into an AC power signal, and
supplies the AC power signal to the lamp array 110, i.c.
external electrode fluorescent lamps connected in parallel.
Hereinafter, compared with FIGS. 9 and 13, like reference
numerals identify similar or identical elements, and detailed
descriptions about the identical elements will be omitted.

[0170] The inverter 420 includes an inductor L, a trans-
former 422, a resonant capacitor C1, first and second resis-
tors R1 and R2 and first and second transistors Q2 and Q3.
A first end of the inverter 420 is connected to the drain of
power transistor Q1. The inverter 320 converts the pulse
power signal outputted from the power transistor Q1 into an
AC power signal, and provides each of the lamps in the lamp
array 110 with the converted AC power signal. For example,
the inverter 420 may be a resonance type royer inverter.

[0171] The transformer 122 includes first and second coils
T1 and T2 and third and fourth coils T3 and T4. The first and
second coils T1 and T2 correspond to a primary coil, and the
third and fourth coils T3 correspond to a secondary coil. The
AC power signal that is applied to the first coil T1 through
the inductor L is transmitted to the third and fourth coils T3
and T4 by an electromagnetic induction, and is converted
into a high voltage AC signal. The converted high voltage
AC signal is applied to the lamyp array 110. The third coil T3
has the same winding direction as the fourth coil T4.
Accordingly, the third coil T3 is regarded as being serially
connected with the fourth coil T4.

[0172] The first coil T1 receives the AC power signal from
the inductor L through a center tap, and transmits the AC
power signal to the secondary coil, i.e. the third and fourth
coils T3 and T4 by the electromagnetic induction.

[0173] The second coil T2 selectively turns on one of the
transistors Q2 and Q3 in response to the AC power signal
applied to the first coil T1.

[0174] FIG. 17 is a circuit diagram showing a lamp-
current detecting part of FIG. 16.

[0175] Referring to FIG. 17, the lamp-current detecting
part 430 includes a hot electrode-current detecting part 432
and a cold electrode-current detecting part 434. The lamp-
current detecting part 430 detects the currents 421 and 423
applied to the hot and cold electrodes of the lamps, and
outputs a lamp current detecting signal 431.

[0176] Particularly, the hot electrode-current detecting
part 432 includes a third capacitor C3, a fifth resistor RS, a
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third diode D3, and a sixth resistor R6. A first end of the third
capacitor C3 is connected to the ground, and a second end
of the third capacitor C3 is connected to a second end of the
third coil T3. The fifth resistor RS is connected in parallel to
both ends of the third capacitor C3, and the third diode D3
is connected in parallel to both ends of the third capacitor
C3. A first end of the sixth resistor R6 is connected to a
second end of the third diode D3, and a second end of the
sixth resistor R6 is connected to the PWM control part 340
to output the detected lamp current to the sixth resistor R6.

[0177] Also, the cold electrode-current detecting part 434
includes a fourth capacitor C4, a seventh resistor R7, a
fourth diode D4, and an eighth resistor R8. A first end of the
fourth capacitor C4 is connected to the ground. Asecond end
of the fourth capacitor C4 is connected to a second end of the
third coil T3. The seventh resistor R7 is connected in parallel
to both ends of the fourth capacitor C4. The fourth diode D4
is connected in parallel to both ends of the fourth capacitor
C4. A first end of the eighth resistor R8 is connected to a
second end of the fourth diode D4, and a second end of the
eighth resistor R8 is connected to the PWM control part 340
to output the detected lamp current to the eighth resistor R8.

[0178] When the raised AC power signal is inputted to the
hot electrode-current detecting part 432 from the third coil
T3, the raised AC power signal is rectified by the third
capacitor C3, the fifth resistor R5 and the third diode D3 to
be converted into a raised DC power signal, and the raised
DC power signal is applied to the PWM control part 340
through the sixth resistor R6. Also, when the raised AC
power signal is inputted to the cold electrode-current detect-
ing part 434 from the fourth coil T4, the raised AC power
signal is rectified by the fourth capacitor C4, the seventh
resistor R7 and the fourth diode D4 to be converted into a
raised DC power signal, and the raised DC power signal is
applied to the PWM control part 340 through the eighth
resistor R6.

[0179] According to the fourth exemplary embodiment of
the present invention, when a plurality of EEFLs or EIFLs
connected in parallel are driven by the floating type lamp
driving method, the lamp current of the fluorescent lamp is
directly detected by means of the secondary coil of the
transformer in the inverter, the luminance level of the
external electrode fluorescent lamp can be controlled by
providing an AC power signal of a constant current level to
both ends of the fluorescent lamp in response to the detected
lamp current and the external dimming signal.

[0180] FIG. 18is a flowchart showing a method of driving
lamps by means of a floating type lamp driving device with
feedback control according to another exemplary embodi-
ment of the present invention. FIG. 18 especially shows
procedures for supplying power signal to the lamps before/
after the voltage level is raised by the transformer by means

of the lamp driving device with feedback function according
to FIGS. 13 and 16.

[0181] Referring to FIG. 18, a power signal is supplied to
the lamp driving device so as to turn on the lamps of the
backlight assembly (step S210). The lamp driving device
converts an dimming signal inputted by a user into an analog
dimming signal (step S215), generates a first switching
signal based on the converted analog dimming signal (step
§220), and receives an external DC power signal (step
§225).
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[0182] Then, the lamp driving device converts the DC
power signal into a pulse power signal (step S230), and
converts the pulse power signal into an AC power signal
(step S235).

[0183] The lamp driving device raises a voltage level of
the converted AC power signal (step S230) to a first AC
power signal and a second AC power signal. The first AC
power signal has a phase difference of about 180° with the
second AC power signal. The lamp driving device provides
both ends of the lamps (step S245) with the first AC power
signal and the second AC power signal. As shown in FIG.
13, the secondary coil of the transformer 322 is connected to
both ends of each of the lamps, the voltage level of the AC
power signal is raised by the transformer 322. The raised
first AC power signal is provided to one ends (for example,
hot electrodes) of each of the lamps, and the raised second
AC power signal is provided to the other ends (for example,
cold electrodes) of each of the lamps.

[0184] As shown in FIG. 16, one end of the secondary
coil—i.e. a third coil T3—of the transformer 422 is con-
nected to one end (for example, hot electrodes) of each of the
lamps and the other end—i.c. a fourth coil T4—of the
secondary coil of the transformer 422 is connected to the
other end (for example, cold electrodes) of each of the
lamps, the voltage level of the AC power signal is raised by
the transformer 422, and the raised AC power signal is
provided to the both ends of each of the lamps.

[0185] Next, the lamp driving device checks whether or
not the power is off (step S250). If the power is off, the lamp
driving device finishes lamp driving operation. If the power
is on, the lamp driving device detects the current level of the
lamp current (step S255). The lamp driving device can
detect the current level of the lamp current before the voltage
level is raised by the transformer. In other words, the lamp
driving device can detect the current level of the input
terminals of the transformer 322. Also, the lamp driving
device can detect the current level of the lamp current after
the voltage level is raised by the transformer. In other words,
the lamp driving device can detect the current level of the
output terminals of the transformer 322.

[0186] Next, the lamp driving device converts the dim-
ming signal into an analog dimming signal (step S260), and
generates a first switching signal based on the analog
dimming signal (step S265). The first switching signal is
different from the first switching signal that is generated at
the step of S220 because the first switching signal of S220
becomes the first switching signal of S265 after a predeter-
mined time period passes.

[0187] Next, the lamp driving device generates a second
switching signal based on an external dimming signal and
the first switching signal in the step S265 (step S270). Then,
the lamp driving device receives an external DC power
signal (step S275), converts the DC power signal into a pulse
power signal (step S280), and converts the pulse power
signal into an AC power signal (step S285).

[0188] Next, the lamp driving device raises a voltage level
of the AC power signal (step S290) to a first AC power signal
and a second AC power signal. The first AC power signal has
a phase difference of about 180° with the second AC power
signal. The lamp driving device provides both ends of the
lamps (step S295) with the first and second AC power
signals.
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[0189] FIG. 19 is a circuit diagram showing a lamp
driving device of a backlight assembly according to a fifth
exemplary embodiment of the present invention, and espe-
cially shows a ground type lamp driving device that detects
the current level of the lamp current at the input terminal of
the transformer.

[0190] Referring to FIG. 19, the lamp driving device
according to a fifth exemplary embodiment of the present
invention includes a power transistor Q1, a diode D1, an
inverter 520, a lamp-current detecting part 330, a pulse
width modulation (PWM) control part 340 and a power
transistor driving part 150. The lamp driving device converts
an external DC power signal into an AC power signal, and
supplies the AC power signal to the lamp array 210. Here-
inafter, compared with FIGS. 9, 11 and 13, like reference
numerals identify similar or identical elements, and detailed
descriptions about the identical elements will be omitted.

[0191] The inverter 520 includes an inductor L, a trans-
former 522, a resonant capacitor C1, first and second resis-
tors R1 and R2 and the first and second transistors Q2 and
Q3, and a first end of the inverter 520 is connected to the
drain of power transistor Q1. The inverter 520 converts the
pulse power signal outputted from the power transistor Q1
into an AC power signal, and provides each of the lamps in
the lamp array 210 with the converted AC power signal. For
example, the inverter 520 may be a resonance type royer
inverter. One end of a secondary coil of the transformer 522
is connected to the ground.

[0192] According to the fifth exemplary embodiment of
the present invention, when a plurality of EEFLs or EIFLs
connected in parallel are driven by the ground type lamp
driving method, the lamp current of the fluorescent lamp is
indirectly detected by means of the primary coil of the
transformer, the luminance level of the fluorescent lamp can
be controlled by providing an AC power signal of a constant
current level to both ends of the fluorescent lamp in response
to the detected lamp current and the external dimming
signal.

[0193] FIG. 20 is a circuit diagram showing a lamp
driving device of a backlight assembly according to a sixth
exemplary embodiment of the present invention, and espe-
cially shows a ground type lamp driving device that detects
the current level of the lamp current at an end of the lamps
that is connected to the ground.

[0194] Referring to FIG. 20, the lamp driving device
according to a sixth exemplary embodiment of the present
invention includes a power transistor Q1, a diode D1, an
inverter 620, a lamp-current detecting part 630, a pulse
width modulation (PWM) control part 340 and a power
transistor driving part 150. The lamp driving device converts
an external DC power signal into an AC power signal, and
supplies the AC power signal to the lamp array 610. Here-
inafter, compared with FIGS. 9, 11 and 13, like reference
numerals identify similar or identical elements, and detailed
descriptions about the identical elements will be omitted.

[0195] The inverter 620 includes an inductor L, a trans-
former 622, a resonant capacitor C1, first and second resis-
tors R1 and R2 and first and second transistors Q2 and Q3,
and a first end of the inverter 620 is connected to the drain
of power transistor Q1. The inverter 520 converts the pulse
power signal outputted from the power transistor Q1 into an
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AC power signal, and provides the converted AC power
signal each of the lamps in the lamp array 610. For example,
the inverter 620 may be a resonance type royer inverter. The
transformer 622 operates the same as the transformer 522 of
FIG. 19.

[0196] The lamp array 610 has a plurality of external
electrode fluorescent lamps. Each of the first ends—i.e. for
example, hot electrodes—of the external electrode fluores-
cent lamps is commonly connected to each other, and
receives the raised AC power signal of a constant current
level. Each of the other ends—i.e. for example, cold elec-
trodes—of the external electrode fluorescent lamps are com-
monly connected to the ground, and are commonly con-
nected to the lamp-current detecting part 630.

[0197] According to the sixth exemplary embodiment of
the present invention, when a plurality of EEFLs or EIFLs
connected in parallel are driven by the ground type lamp
driving method, the total lamp currents of the fluorescent
lamp are directly detected at the other ends of the lamps, the
luminance level of the fluorescent lamp can be controlled by
providing an AC power signal of a constant current level to
both ends of the fluorescent lamp in response to the detected
total lamp currents and the external dimming signal.

[0198] FIG. 21 is a flowchart showing a method of driving
lamps by means of a ground type lamp driving device with
feedback control according to another exemplary embodi-
ment of the present invention, and especially shows proce-
dures for supplying power signal to the lamps before/after
the voltage level is raised by the transformer by means of the
lamp driving device with feedback function according to
FIGS. 19 and 20.

[0199] Referring to FIG. 21, a power signal is supplied to
the lamp driving device so as to turn on the lamps of the
backlight assembly (step S310). The lamp driving device
converts an dimming signal inputted by a user into an analog
dimming signal (step S315), gencrates a first switching
signal based on the converted analog dimming signal (step
S320), and receives an external DC power signal (step
S325).

[0200] Then, the lamp driving device converts the DC
power signal into a pulse power signal (step S330), and

converts the pulse power signal into an AC power signal
(step S335).

[0201] The lamp driving device raises a voltage level of
the converted AC power signal (step S340), and provides
one end of each of the lamps (step S345) with the raised AC
power signal As shown in FIG. 19, one end of the secondary
coil of the transformer 522 is connected to the ground, and
the other end of the secondary coil of the transformer 522 is
connected to one ends—for example, hot electrodes—of
each of the lamps, the voltage level of the AC power signal
is raised by the transformer 522. The raised AC power signal
is provided to the hot electrodes of each of the lamps. As
shown in FIG. 20, one end of the secondary coil of the
transformer 622 is connected to the ground, and the other
end of the secondary coil of the transformer 622 is connected
to the one end of each of the lamps, the voltage level of the
AC power signal is raised by the transformer 622, and the
raised AC power signal is provided to the one ends—for
example, hot electrodes—of each of the lamps.

[0202] Next, the lamp driving device checks whether the
power is off (step S350). If the power is off, the lamp driving
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device finishes lamp driving operation. If the power is on,
the lamp driving device detects the current level of the lamp
current (step S355). The lamp driving device can detect the
current level of the lamp current before the voltage level is
raised by the transformer 522 of FIG. 19. In other words, the
lamp driving device can detect the current level of the input
terminals of the transformer 522. Also, the lamp driving
device can detect the current level of the lamp current after
the voltage level is raised by the transformer 622 of FIG. 20.
In other words, the lamp driving device can detect the
current level of the output terminals of the transformer 622.

[0203] Next, the lamp driving device converts the dim-
ming signal into an analog dimming signal (step S360), and
generates a first switching signal based on the analog
dimming signal (step S365). The lamp driving device gen-
erates a second switching signal based on an external
dimming signal and the first switching signal in the step
S355 (step S370). The first switching signal is different from
the first switching signal that is generated at the step S320
because the first switching signal of the step S320 becomes
the first switching signal of the step S365 after a predeter-
mined period passed.

[0204] Then, the lamp driving device receives an external
DC power signal (step S375), converts the DC power signal
into a pulse power signal (step S380), and converts the pulse
power signal into an AC power signal (step S385).

[0205] Next, the lamp driving device raises a voltage level
of the AC power signal to a first AC power signal and a
second AC power signal (step S390), and provides one end
of each of the lamps with the first and second AC power
signals. (step S395).

[0206] Heretofore, the floating or ground type lamp driv-
ing devices, which is installed in the backlight assembly and
drives a plurality of external electrode fluorescent lamps
connected in parallel each other, according to various exem-
plary embodiments has been described.

[0207] However, the lamp driving device of the present
invention can be employed to any backlight assembly that
includes a lamp unit, a light emitting means and light
regulating means. The lamp units include a plurality of
external electrode fluorescent lamps connected in parallel.
The light emitting means emits lights based on a raised AC
power signal applied from the lamp driving device, and the
light regulating means enhances the brightness of the light
provided from the emitting means. When the light regulating
means is employed in the direct illuminating type backlight
assembly, the light regulating means may include a diffusion
plate, a diffusion sheet, a low prism sheet, an upper prism
sheet and a protection sheet, etc. The diffusion plate, a
diffusion sheet, a low prism sheet, an upper prism sheet and
a protection sheet are sequentially stacked on lamps that are
received on a bottom chassis.

[0208] Also, the present invention can be applied to any
liquid crystal display device having a backlight assembly
with above lamp driving device of the present invention. In
other words, the present invention can be applied to a liquid
crystal display device having the edge-illuminating type
backlight assembly of FIG. 1, and the direct illuminating
type backlight assembly of FIG. SA.

[0209] This invention has been described with reference to
the exemplary embodiments. It is evident, however, that
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many alternative modifications and variations will be appar-
ent to those having skill in the art in light of the foregoing
description. Accordingly, the present invention embraces all
such alternative modifications and variations as fall within
the spirit and scope of the appended claims.

What is claimed is:
1. A backlight assembly having an external electrode
fluorescent lamp, the backlight assembly comprising:

a lamp driving means for receiving an external DC power
signal and an external dimming signal, converting the
external DC power signal into an AC power signal,
controlling a voltage level of the AC power signal using
the external dimming signal, and raising a voltage level
of the AC power signal having the controlled voltage
level to produce a raised AC power signal;

a light emitting means having a lamp unit, for generating
a light based on the raised AC power signal, the lamp
unit including a plurality of parallel-connected external
electrode fluorescent lamps, and at least one end of
each of the external electrode fluorescent lamps having
an external electrode; and

an optical distribution changing means for changing an
optical distribution of the light generated from the light
emitting means.
2. The backlight assembly having an external electrode
fluorescent lamp of claim 1, wherein the lamp driving means
includes:

a control part for producing a switching signal so as to
control a voltage level of the AC power signal based on
the external dimming signal;

a switching device for receiving the switching signal and
the external DC power signal to produce a pulse power
signal; and

a power supplying part for converting the pulse power
signal into the AC power signal, and for raising a
voltage level of the AC power signal to provide the
lamp unit with the raised AC power signal.

3. The backlight assembly having an external electrode
fluorescent lamp of claim 1, wherein the power supplying
part produces the raised AC power signal having a positive
peak value and a negative peak value, the negative peak
value being a same magnitude as the positive peak value.

4. The backlight assembly having an external electrode
fluorescent lamp of claim 1, wherein the power supplying
part provides the lamp unit with the raised AC power signal
having a positive peak and a negative peak, an interval
between the negative peak and the positive peak being
constant or substantially constant.

5. The backlight assembly having an external electrode
fluorescent lamp of claim 1, wherein the power supplying
part provides a first terminal of the lamp unit with the raised
AC power signal, a second terminal of the lamp unit being
connected to a ground.

6. The backlight assembly having an external electrode
fluorescent lamp of claim 1, the lamp driving means further
comprising a diode for preventing a rush current generated
by the power supplying part from being applied to the
switching device, a first end of the diode being connected to
an output terminal of the switching device, and a second end
of the diode being connected to a ground.



US 2003/0214478 Al

7. The backlight assembly having an external ¢lectrode
fluorescent lamp of claim 1, the lamp driving means further
comprising a switching device driver for amplifying the
switching signal generated from the control part to provide
the switching device with the amplified switching signal.

8. The backlight assembly having an external electrode
fluorescent lamp of claim 7, the lamp driving means further
comprising a digital-to-analogue converter for converting
the dimming signal into an analogue dimming signal to
provide the control part with the analogue dimming signal so
that the control part provides the switching device driver
with the switching signal in response to the analogue dim-
ming signal.

9. The backlight assembly having an external electrode
fluorescent lamp of claim 1, the power supplying part
comprising:

an inductor, connected to an output terminal of the switch-
ing device, for receiving the pulse power signal,

a transformer for raising the voltage level of the AC power
signal, having a first coil, a second coil and a third coil,
the first and second coils being served as a primary coil
of the transformer, and the third coil corresponding to
the first coil and being served as a secondary coil of the
transformer;

a resonant capacitor connected in parallel with both ends
of the first coil, the first coil and the resonant capacitor
forming an L.C resonance circuit;

a first transistor for driving the transformer, a base of the
first transistor connected to the inductor through a first
resistor, and a collector of the first transistor connected
to a first end of the resonant capacitor, and the first coil
connected in parallel with the resonant capacitor; and

a second transistor for driving the transformer, a base of
the second transistor connected to the inductor through
a second resistor, a collector of the second transistor
connected to a second end of the resonant capacitor, the
first coil connected in parallel with the resonant capaci-
tor, and an emitter of the second transistor commonly
coupled with an emitter of the first transistor,

wherein the third coil is connected to both ends of the
lamp unit, provides a first end of the lamp unit with a
first raised AC power signal, and provides a second end
of the lamp unit with a second raised AC power signal,
the second AC power signal having a phase difference
of about 180° with respect to the first AC power signal.

10. The backlight assembly having an external electrode
fluorescent lamp of claim 9, wherein a centered-tap of the
first coil receives a DC power signal from the inductor.

11. The backlight assembly having an external electrode
fluorescent lamp of claim 1, wherein a first end of the second
coil 1s connected to the base of the first transistor, a second
end of the second coil is connected to the base of the second
transistor, and the second coil selectively turns on the first
and second transistors.

12. The backlight assembly having an external electrode

fluorescent lamp of claim 1, the power supplying part
comprising:

an inductor connected to an output terminal of the switch-
ing device, for receiving the pulse power signal,
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a transformer for raising the voltage level of the AC power
signal, having a first coil, a second coil and a third coil,
the first and second coils being served as a primary coil
of the transformer, and the third coil corresponding to
the first coil and being served as a secondary coil of the
transformer;

a resonant capacitor connected in parallel with both ends
of the first coil, the first coil and the resonant capacitor
forming an L.C resonance circuit;

a first transistor for driving the transformer, a base of the
first transistor connected to the inductor through a first
resistor, and a collector of the first transistor connected
to a first end of the resonant capacitor, and the first coil
connected in parallel with the resonant capacitor; and

a second transistor for driving the transformer, a base of
the second transistor connected to the inductor through
a second resistor, a collector of the second transistor
connected to a second end of the resonant capacitor, the
first coil connected in parallel with the resonant capaci-
tor, and an emitter of the second transistor commonly
coupled with an emitter of the first transistor,

wherein a first end of the third coil is connected to a
ground, a second end of the third coil is connected to
a second end of the lamp unit, and the third coil
provides the lamp unit with the raised AC power signal,
the second end of the lamp unit being connected to a
ground.

13. The backlight assembly having an external electrode
fluorescent lamp of claim 11, wherein a centered-tap of the
first coil receives a DC power signal from the inductor.

14. The backlight assembly having an external electrode
fluorescent lamp of claim 12, wherein a first end of the
second coil is connected to the base of the first transistor, a
second end of the second coil is connected to the base of the
second transistor, and wherein the second coil selectively
turns on the first and second transistors.

15. A backlight assembly having an external electrode
fluorescent lamp, the backlight assembly comprising:

a light emitting means having a lamp unit for generating
a light, the lamp unit including a plurality of parallel-
connected external electrode fluorescent lamps, and an
external electrode disposed at least one end of each of
the external electrode fluorescent lamps;

a lamp driving means for receiving an external DC power
signal and an external dimming signal, converting the
external DC power signal into an AC power signal,
detecting a level of a current supplied to the lamp unit,
controlling a level of a voltage of the AC power signal
supplied to the lamp unit based on the external dim-
ming signal and the detected current level, raising a
voltage level of the AC power signal having the con-
trolled voltage level to provide the lamp unit with the
raised AC power signal so as to control the lamp unit
to generate the light using the raised AC power signal;
and

an optical distribution changing means for changing an
optical distribution of the light generated from the light
emitting means.
16. The backlight assembly having an external electrode
fluorescent lamp of claim 14, wherein the lamp driving
means includes:
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a switching device for receiving the switching signal and
the external DC power signal to produce a pulse power
signal;

a power supplying part for converting the pulse power
signal into the AC power signal, for raising a voltage
level of the AC power signal, to provide a first end of
the lamp unit with a first raised AC power signal and to
provide a second end of the lamp unit with a second
raised AC power signal, the second raised AC power
signal having a phase difference of about 180° with
respect to the first raised AC power signal;

a lamp-current detecting part for detecting a level of a
current supplied to the lamp unit to produce a current
level signal; and

a control part for providing the switching device with the
switching signal based on the external dimming signal
and the current level signal.

17. The backlight assembly having an external electrode
fluorescent lamp of claim 14, the lamp driving means further
comprising a switching device driver for amplifying the
switching signal generated from the control part to provide
the switching device with the amplified switching signal.

18. The backlight assembly having an external electrode
fluorescent lamp of claim 15, the lamp driving means further
comprising a diode for preventing a rush current generated
by the power supplying part from being applied to the
switching device, a first end of the diode being connected to
an output terminal of the switching device, and a second end
of the diode being connected to a ground.

19. The backlight assembly having an external electrode
fluorescent lamp of claim 15, wherein the lamp-current
detecting part detects a current level of the AC power signal
before raising the voltage level of the AC power signal to
provide the control part with the current level signal.

20. The backlight assembly having an external electrode
fluorescent lamp of claim 15, the power supplying part
comprising:

an inductor connected to an output terminal of the switch-
ing device, for receiving the pulse power signal,

a transformer for raising the voltage level of the AC power
signal, having a first coil, a second coil and a third coil,
the first and second coils being served as a primary coil
of the transformer, and the third coil corresponding to
the first coil and being served as a secondary coil of the
transformer;

a resonant capacitor connected in parallel with both ends
of the first coil, the first coil and the resonant capacitor
forming an L.C resonance circuit;

a first transistor for driving the transformer, a base of the
first transistor connected to the inductor through a first
resistor, and a collector of the first transistor connected
to a first end of the resonant capacitor, and the first coil
connected in parallel with the resonant capacitor; and

a second transistor for driving the transformer, a base of
the second transistor connected to the inductor through
a second resistor, a collector of the second transistor
connected to a second end of the resonant capacitor, the
first coil connected in parallel with the resonant capaci-
tor.
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21. The backlight assembly having an external electrode
fluorescent lamp of claim 20, wherein the lamp-current
detecting part is coupled with both the first transistor and the
second transistor, and detects the level of the current sup-
plied to the lamp unit to produce a current level signal, the
first transistor connected with a first end of the first trans-
former, and the second transistor connected with a second
end of the first transformer.

22. The backlight assembly having an external electrode
fluorescent lamp of claim 21, the lamp-current detecting part
comprising:

a capacitor, a first end of the capacitor being connected to
a ground, and a second end of the capacitor being
connected to a terminal through which the first and
second transistors are commonly coupled;

first resistor, a first end of the first resistor being
connected to a ground, and a second end of the first
resistor being connected to the second end of the
capacitor;

a diode, a first end of the diode being connected to a
ground, and a second end of the diode being connected
to the second end of the resistor; and

a second resistor for producing the current level signal, a
first end of the second resistor being connected to the
second end of the diode, and a second end of the second
resistor being connected to the control part.

23. The backlight assembly having an external electrode
fluorescent lamp of claim 15, wherein the lamp-current
detecting part detects a current level of the AC power signal
after raising the voltage level of the AC power signal to
provide the control part with the current level signal.

24. The backlight assembly having an external electrode
fluorescent lamp of claim 23, the power supplying part
comprising:

an inductor, connected to an output terminal of the switch-
ing device, for receiving the pulse power signal;

a transformer for raising the voltage level of the AC power
signal, having a first coil, a second coil, a third coil and
a fourth coil, the first and second coils being served as
a primary coil of the transformer, and the third and the
fourth coils corresponding to the first coil and being
served as a secondary coil of the transformer;

a resonant capacitor connected in parallel with both ends
of the first coil, the first coil and the resonant capacitor
forming an LC resonance circuit;

a first transistor for driving the transformer, a base of the
first transistor connected to the inductor through a first
resistor, and a collector of the first transistor connected
to a first end of the resonant capacitor, and the first coil
connected in parallel with the resonant capacitor; and

a second transistor for driving the transformer, a base of
the second transistor connected to the inductor through
a second resistor, a collector of the second transistor
connected to a second end of the resonant capacitor, the
first coil connected in parallel with the resonant capaci-
tor.
235. The backlight assembly having an external electrode
fluorescent lamp of claim 24, the lamp-current detecting part
comprising:
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a first capacitor, a first end of the first capacitor being
connected to a ground, and a second end of the first
capacitor being connected to a first end of the third coil;

first resistor, a first end of the first resistor being
connected to a ground, and a second end of the first
resistor being connected to the second end of the first
capacitor;

a first diode, a first end of the first diode being connected
to a ground, and a second end of the first diode being
connected to the second end of the first resistor; and

a second resistor for producing a first current level signal,
a first end of the second resistor being connected to the
second end of the first diode, and a second end of the
second resistor being connected to the control part;

second capacitor, a first end of the second capacitor
being connected to a ground, and a second end of the
second capacitor being connected to a first end of the
fourth coil;

third resistor, a first end of the third resistor being
connected to a ground, and a second end of the third
resistor being connected to the second end of the
second capacitor;

second diode, a first end of the second diode being
connected to a ground, and a second end of the second
diode being connected to the second end of the third
resistor; and

fourth resistor for producing a second current level
signal, a first end of the fourth resistor being connected
to the second end of the second diode, and a second end
of the fourth resistor being connected to the control
part.

26. A backlight assembly having an external electrode
fluorescent lamp, the backlight assembly comprising:

a light emitting means having a lamp unit for generating
a light, the lamp unit including a plurality of parallel-
connected external electrode fluorescent lamps, an
external electrode being disposed at least one end of
each of the external electrode fluorescent lamps, and a
first end of the lamp unit being connected to a ground;

a lamp driving means for receiving an external DC power
signal, converting the external DC power signal into an
AC power signal, detecting a level of a current supplied
to the lamp unit, controlling a level of a voltage of the
AC power signal supplied to the lamp unit based on the
detected current level, raising a voltage level of the AC
power signal having the controlled voltage level to
provide the lamp unit with the raised AC power signal
so0 as to control the lamp unit to generate the light using
the raised AC power signal; and

an optical distribution changing means for changing an
optical distribution of the light generated from the light
emitting means.
27. The backlight assembly having an external electrode
fluorescent lamp of claim 26, wherein the lamp driving
means includes:

a switching device for receiving the switching signal and
the external DC power signal to produce a pulse power
signal;
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a power supplying part for converting the pulse power
signal into the AC power signal, and for raising the
voltage level of the AC power signal to provide the
lamp unit with the raised AC power signal;

a lamp-current detecting part for detecting the level of the
current supplied to the lamp unit to produce a current
level signal; and

a control part for providing the switching device with the
switching signal so as to control the voltage level of the
AC power signal based on the current level signal.
28. The backlight assembly having an external electrode
fluorescent lamp of claim 26, the lamp driving means further
comprising a switching device driver for amplifying the
switching signal generated from the control part to provide
the switching device with the amplified switching signal.
29. The backlight assembly having an external electrode
fluorescent lamp of claim 26, wherein the lamp-current
detecting part detects a current level of the AC power signal
before raising the voltage level of the AC power signal to
provide the control part with the current level signal.
30. The backlight assembly having an external electrode
fluorescent lamp of claim 29, the power supplying part
comprising:

an inductor, connected to an output terminal of the switch-
ing device, for receiving the pulse power signal;

a transformer for raising the voltage level of the AC power
signal, having a first coil, a second coil and a third coil,
the first and second coils being served as a primary coil
of the transformer, and the third coil corresponding to
the first coil and being served as a secondary coil of the
transformer;

a resonant capacitor connected in parallel with both ends
of the first coil, the first coil and the resonant capacitor
forming an LC resonance circuit;

a first transistor for driving the transformer, a base of the
first transistor connected to the inductor through a first
resistor, and a collector of the first transistor connected
to a first end of the resonant capacitor, and the first coil
connected in parallel with the resonant capacitor; and

a second transistor for driving the transformer, a base of
the second transistor connected to the inductor through
a second resistor, a collector of the second transistor
connected to a second end of the resonant capacitor,
and an emitter of the second transistor and an emitter of
the first transistor commonly connected to a ground,

wherein a first end of the third coil is connected to a
ground, a second end of the third coil is connected to
a second end of the lamp unit, and the third coil
provides the lamp unit with the raised AC power signal,
the second end of the lamp unit being connected to a
ground.

31. The backlight assembly having an external electrode
fluorescent lamp of claim 30, wherein the lamp-current
detecting part is coupled with both the first transistor and the
second transistor, and detects the level of the current sup-
plied to the lamp unit to produce a current level signal, the
first transistor connected with a first end of the first trans-
former, and the second transistor connected with a second
end of the first transformer.



US 2003/0214478 Al

32. A method of driving an external electrode fluorescent
lamp in a lamp unit, the lamp unit including a plurality of
parallel-connected external electrode fluorescent lamps, and
an external electrode disposed at least one end of each of the
external electrode fluorescent lamps, the method compris-
ing:

(2) converting an external dimming signal into an ana-
logue dimming signal;

(b) generating a switching signal based on an external
on-off control signal and the analogue dimming signal;

(c) converting an external DC power signal into a pulse
power signal based on the switching signal;

(d) converting the pulse power signal into an AC power
signal;

(e) raising a voltage level of the AC power signal to
produce a raised AC power signal; and

(D) providing the lamp unit with the raised AC power

signal.

33. The method of driving an external electrode fluores-
cent lamp of claim 31, wherein the raised AC power signal
is a AC signal having a positive peak value and a negative
peak value, a difference between the negative peak value and
the positive peak value being constant or substantially
constant.

34. The method of driving an external electrode fluores-
cent lamp of claim 32, wherein a first raised AC power signal
of the raised AC power signal is supplied to a first end of the
lamp unit, and a second raised AC power signal of the raised
AC power signal is supplied to a second end of the lamp
unit, the second AC power signal having a phase difference
of about 180° with respect to the first AC power signal.

35. The method of driving an external electrode fluores-
cent lamp of claim 32, wherein the raised AC power signal
is supplied to a second end of the lamp unit, a first end of the
lamp unit being connected to a ground.

36. A method of driving an external electrode fluorescent
lamp in a lamp unit, the lamp unit including a plurality of
parallel-connected external electrode fluorescent lamps, and
an external electrode disposed at least one end of each of the
external electrode fluorescent lamps, the method compris-
ing:

(a) converting an external dimming signal into an ana-
logue dimming signal;

(b) generating a first switching signal based on an external
on-off control signal and the analogue dimming signal;

(c) converting an external DC power signal into a pulse
power signal based on the first switching signal,

(d) converting the pulse power signal into an AC power
signal;

(¢) raising a voltage level of the AC power signal to
produce a raised AC power signal;

(f) providing a first end of the lamp unit with a first raised
AC power signal of the raised AC power signal;

(g) providing a second end of the lamp unit with a second
raised AC power signal of the raised AC power signal,
the second raised AC power signal having a phase
difference of about 180° with respect to the first raised
AC power signal,
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(h) detecting a current level of a current supplied to the
lamp unit to produce a current level signal; and

(1) generating a second switching signal based on the
current level signal, the on-off control signal and the
first switching signal, and then returning back to the
step (¢).

37. The method of driving an external electrode fluores-
cent lamp of claim 36, wherein a first raised AC power signal
of the raised AC power signal is supplied to a first end of the
lamp unit, and a second raised AC power signal of the raised
AC power signal is supplied to a second end of the lamp
unit, the second AC power signal having a phase difference
of about 180° with respect to the first AC power signal.

38. A method of driving an external electrode fluorescent
lamp in a lamp unit, the lamp unit including a plurality of
parallel-connected external electrode fluorescent lamps, an
external electrode disposed at least one end of each of the
external electrode fluorescent lamps, and a first end of the
lamp unit being connected to a ground, the method com-
prising:

(a) converting an external dimming signal into an ana-
logue dimming signal;

(b) generating a first switching signal based on an external
on-off control signal and the analogue dimming signal;

(c) converting an external DC power signal into a pulse
power signal based on the first switching signal;

(d) converting the pulse power signal into an AC power
signal;

(¢) raising a voltage level of the AC power signal to
produce a raised AC power signal;

(D) providing a second end of the lamp unit with the raised
AC power signal;

(g) detecting a current level of a current supplied to the
lamp unit to produce a current level signal; and

(h) generating a second switching signal based on the
current level signal, the on-off control signal and the
first switching signal, and then returning back to the
step (c).

39. A liquid crystal display apparatus comprising:

a backlight assembly including i) a lamp driving means
for receiving an external DC power signal and an
external dimming signal, converting the external DC
power signal into an AC power signal, controlling a
voltage level of the AC power signal using the external
dimming signal, and raising a voltage level of the AC
power signal having the controlled voltage level to
produce a raised AC power signal, ii) a light emitting
means having a lamp unit, for generating a light based
on the raised AC power signal, the lamp unit including
a plurality of parallel-connected external electrode
fluorescent lamps, and at least one end of each of the
external electrode fluorescent lamps having an external
electrode, and iii) an optical distribution changing
means for changing an optical distribution of the light
generated from the light emitting means; and

a display unit, disposed on the optical distribution chang-
ing means, for displaying an image by receiving the
light from the light emitting means.
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a lamp-current detecting part for detecting a level of a
current supplied to the lamp unit to produce a current

40. The liquid crystal display apparatus of claim 39,
wherein the lamp driving means includes:

a control part for producing a switching signal so as to
control a voltage level of the AC power signal based on
the external dimming signal;

a switching device for receiving the switching signal and
the external DC power signal to produce a pulse power
signal; and

a power supplying part for converting the pulse power
signal into the AC power signal, and for raising a
voltage level of the AC power signal to provide the
lamp unit with the raised AC power signal.

41. A liquid crystal display apparatus comprising:

a backlight assembly including i) a light emitting means
having a lamp unit for generating a light, the lamp unit
including a plurality of parallel-connected external
electrode fluorescent lamps, and an external electrode
disposed at least one end of each of the external
electrode fluorescent lamps ii) a lamp driving means for
receiving an external DC power signal and an external
dimming signal, converting the external DC power
signal into an AC power signal, detecting a level of a
current supplied to the lamp unit, controlling a level of
a voltage of the AC power signal supplied to the lamp
unit based on the external dimming signal and the
detected current level, raising a voltage level of the AC
power signal having the controlled voltage level to
provide the lamp unit with the raised AC power signal
S0 as to control the lamp unit to generate the light using
the raised AC power signal, and iii) an optical distri-
bution changing means for changing an optical distri-
bution of the light generated from the light emitting
means; and

a display unit, disposed on the optical distribution chang-
ing means, for displaying an image by receiving the
light from the light emitting means.

42. The liquid crystal display apparatus of claim 39,

wherein the lamp driving means includes:

a switching device for receiving the switching signal and
the external DC power signal to produce a pulse power
signal;

a power supplying part for converting the pulse power
signal into the AC power signal, for raising a voltage
level of the AC power signal to provide a first end of the
lamp unit with a first raised AC power signal and to
provide a second end of the lamp unit with a second
raised AC power signal, the second raised AC power
signal having a phase difference of about 180° with
respect to the first raised AC power signal;

level signal; and

a control part for providing the switching device with the
switching signal based on the external dimming signal
and the current level signal.

43. A liquid crystal display apparatus comprising:

a backlight assembly including i) a light emitting means
having a lamp unit for generating a light, the lamp unit
including a plurality of parallel-connected external
electrode fluorescent lamps, an external electrode being
disposed at least one end of each of the external
electrode fluorescent lamps, and a first end of the lamp
unit being connected to a ground, ii) a lamp driving
means for receiving an external DC power signal,
converting the external DC power signal into an AC
power signal, detecting a level of a current supplied to
the lamp unit, controlling a level of a voltage of the AC
power signal supplied to the lamp unit based on the
detected current level, raising a voltage level of the AC
power signal having the controlled voltage level to
provide the lamp unit with the raised AC power signal
S0 as to control the lamp unit to generate the light using
the raised AC power signal, and iii) an optical distri-
bution changing means for changing an optical distri-
bution of the light generated from the light emitting
means; and

a display unit, disposed on the optical distribution chang-
ing means, for displaying an image by receiving the
light from the light emitting means.

44. The liquid crystal display apparatus of claim 43,

wherein the lamp driving means includes:

a switching device for receiving the switching signal and
the external DC power signal to produce a pulse power
signal;

a power supplying part for converting the pulse power
signal into the AC power signal, and for raising a
voltage level of the AC power signal to provide the
lamp unit with a raised AC power signal;

a lamp-current detecting part for detecting a level of a
current supplied to the lamp unit to produce a current
level signal; and

a control part for producing the switching signal so as to
control a voltage level of the AC power signal based on
the current level signal.
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