US 20070146565A1
ao) United States

12y Patent Application Publication (o) Pub. No.: US 2007/0146565 A1

Jeon et al. (43) Pub. Date: Jun, 28, 2007
(54) HYBRID BACKLIGHT DRIVING Publication Classification
APPARATUS FOR LIQUID CRYSTAL
DISPLAY (51) Imt.CL
GO2F 1/136 (2006.01)
(75) Inventors: Jin Hwan Jeon, Suwon-Si (KR);
Hoon Jang, Seoul (KR) (52) US. Cl oo 349/42
Correspondence Address:
BIRCH STEWART KOLASCH & BIRCH 7) ABSTRACT
PO BOX 747 A hybrid backlight driving apparatus for a liquid crystal
FALLS CHURCH, VA 22040-0747 display device for driving a backlight assembly is provided.
) . The hybrid backlight assembly has a plurality of lamps and
(73)  Assignee: LG. Philips LCD Co., Ltd. a plurality of light emitting diodes. The hybrid backlight

driving apparatus, as embodied, includes: a lamp inverter for
converting a first DC voltage into a lamp driving voltage and
supplying the lamp driving voltage to the plurality of lamps;

(21) Appl. No.:  11/450,433

(22)  Filed: Jun. 12, 2006 and a light emitting diode driver for converting the first DC
. Lo - voltage into a light emitting diode driving voltage and
(30) Foreign Application Priority Data supplying the light emitting diode driving voltage to the
Dec. 27, 2005 (KR) ........ 10-2005-0130814 plurality of light emitting diodes.
310
~
300 320
210 220 230 2
400V | LANP
- ] INVERTER _'
COMMERCIAL . POYER /
VOLTAGE RECTIFIER| { SMOOTHER FACTOR
CORRECTOR DC It -
| - 400V | LED NN N
DRIVER N\ N N
: : : 312
N ON N
330 .
IR -y
I




Patent Application Publication  Jun. 28,2007 Sheet 1 of 12 US 2007/0146565 A1

FIG. 1

RELATED ART
DL
GL
T
— L
CleX = Cst
N -
Vcom




US 2007/0146565 A1

Jun. 28,2007 Sheet 2 of 12

Patent Application Publication

adA >

J0A >

omH omH
KTARASSY 1HDI OV WALNAANI ——< AbZ
- 0€T
0TT—— u
C . . 7oA | JOLVIENTD FOVITOA
YOLVIENED . s lung| P NIALI AIve < oA
FOVLTOA NOWAOD I “ 31v0 | moA )
% 14l 08T
0LT 1 \
T < umo
wQ « . . T1d
FOLVAANTD FIVLTIOA o
YAATHQ VIVA
JONHIHIHY VINAYVD aaa WTIOIND 3P AH
/ ONIWIL e
( 021 # YIVa
ov1 g9y \
061
TV QaIv IR 00T



US 2007/0146565 A1

NTANISSY
JHOI MOV

Jun. 28,2007 Sheet 3 of 12

(

0ST

Patent Application Publication

YALIAANI

JOLOTYIOO
J0LIVA
JaMOd

YALJHANOD
2a/2a

——

(

091

( (

0ve 0€e

YAHLOOKS

JATAILOdY

LYV Q4LvTay

& I1d

(

0ce

C

(

01¢

002

JOVLI0A
TVIOYIRINOD



US 2007/0146565 A1

A
1% 4%
BRCal)
[
25 4%
&0

%,% 0ge
W )
B . aa. aa. | v

W@ \® N Qa1 ["AQOY . .

JOLOTYA0D

AOLOVA YAHIOONS | |¥AIAILOR 2IVLIO0A
\ AAKOd . TV ID¥ANKOD

_! YALYAANT — —
dNV] AOO¥

11E< aa ] ] ]
) 0€Z 022 012

0ce 0

ARRN

9% 1

—

Jun. 28,2007 Sheet 4 of 12

o

01€

7 Old

Patent Application Publication



US 2007/0146565 A1

Jun. 28,2007 Sheet 5 of 12

Patent Application Publication

See

N

YHRIOASNVYL
aNe

€ce

N

HOLIAS

V/0d ANE (&

YHNIOASNVIL
IST

1
A00% 0a

N

443

1+

HOLIAS

/N

V/0Q IST 1=

G Old

YITIOALNOD
INIATIA
dWV'T

—<

12¢

dNVT ¥0d "TYNIIS
ONIWNIQ 1S3and

0ce



US 2007/0146565 A1

Jun. 28,2007 Sheet 6 of 12

Patent Application Publication

| e wl IIIIIIIIII 3
! I
! |
! ]
" |
- —————— 5! S@mzl 2ld -
m A 2N |
e L 11 |
i L IN !
I 1t I
n || !
I ¢l 11 1 eLd 1 |
SWINOGL OV — i W_I LS |
b e VN T - A00¥ 0

( !

ﬁ —

ce PAAS o



US 2007/0146565 A1

Jun. 28,2007 Sheet 7 of 12

Patent Application Publication

SWIAOSL JV

SWIAQSL JV

A

8L
— LA
PN
™ ’MHZ
& SEE _ FW_ET
ﬂﬁmw
— zld A
ZN
AN 1IN
T I
ARG

<A00¥ 0



Patent Application Publication  Jun. 28,2007 Sheet 8 of 12 US 2007/0146565 A1

AC 750Vrms

3 &

AC 750Vrms
|‘ Lllg §L2

FIG.8

_1

s
FT3
N2
—{ETF'M
5
FT7
N4f

!
y

—lETFT5
N3¢

3
” :4 L] = o
T = Tk T

DC 400V



Patent Application Publication  Jun. 28,2007 Sheet 9 of 12 US 2007/0146565 A1

FIG.9

A
\VAY;

JAWAY

v

0
yE--

V-

0

v

(A)
(B)



US 2007/0146565 A1

Jun. 28,2007 Sheet 10 of 12

Patent Application Publication

P
r—1T-—71
9~ T I
L_d4___J1
™ T\ T >
- YATIONINOD
N oNIATHD < OET ¥0d TWNDIS

R DNINWIQ ISdng
W Ft-——1 r 1 aE1
| |
o T A
AL cgg — T 9| ! m\_ _ ™
I R T {\“
W i Nl 7 A N
LEE D= 1) —7gs
® | | ] | TEE
- Mg 1 Qe 1 7717~
N ¢ e AOOY 30
Y R —
pee eee 0cE



US 2007/0146565 A1

Jun. 28,2007 Sheet 11 of 12

Patent Application Publication

NSJ

T T \\.J|.'
mwmﬁﬁ,%%u | 097 304 TVNDIS
Il ONINNIQ IS¥nd

H
Sv%

¢ g —— UL ° AOOY 00

[T OId



US 2007/0146565 A1

Jun. 28,2007 Sheet 12 of 12

Patent Application Publication

21e<

@ % »
1 Iy ]
%%m,mmwou | _ 037 304 TVNOIS
- i ONINWIA 1Sungd
Al ..I/_/ T
1/
Ly
J 168
. > U ——e A00F 2
1d 91 0¢gg
0cs



US 2007/0146565 A1l

HYBRID BACKLIGHT DRIVING
APPARATUS FOR LIQUID CRYSTAL
DISPLAY

[0001] This Nonprovisional Application claims priority
under 35 U.S.C. §119(a) on Patent Application No. 10-2005-
130814 filed in Korea on Dec. 27, 2005, the entire contents
of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to a liquid crystal display,
and more particularly to a hybrid backlight driving apparatus
for a liquid crystal display wherein a high voltage can be
converted into a driving voltage of a hybrid backlight to be
supplied to lamps and light emitting diodes of the liquid
crystal display.

[0004] 2. Description of the Related Art

[0005] Generally, a liquid crystal display (LCD) controls
light transmittance of liquid crystal cells in accordance with
video signals to thereby display a picture. An active matrix
type liquid crystal display device having a switching device
provided for each liquid crystal cell is advantageous for
displaying moving pictures because it permits an active
control of the switching device. The switching device used
for the active matrix liquid crystal display device mainly
employs a thin film transistor (TFT) as shown in FIG. 1.
[0006] Referring to FIG. 1, the active matrix LCD con-
verts a digital input data into an analog data voltage on the
basis of a gamma reference voltage to supply it to a data line
DL and, at the same time, supplies a scanning pulse to a gate
line GL to thereby charge a liquid crystal cell Cle.

[0007] A gate electrode of the TFT is connected to the gate
line GL while a source electrode thereof is connected to the
data line DL. Further, a drain electrode of the TFT is
connected to a pixel electrode of the liquid crystal cell Clc
and to one electrode of a storage capacitor Cst. A common
electrode of the liquid crystal cell Clc is supplied with a
common voltage Vcom.

[0008] The storage capacitor Cst plays a role in charging
a data voltage fed from the data line DL when the TFT is
turned on, thereby constantly keeping a voltage at the liquid
crystal cell Clc.

[0009] Ifthe scanning pulse is applied to the gate line GL,
then the TFT is turned on to provide a channel between the
source electrode and the drain electrode thereof, thereby
supplying a voltage on the data line DL to the pixel electrode
of the liquid crystal cell Clc. Therefore, liquid crystal
molecules of the liquid crystal cell change the alignment
direction due to an electric field between the pixel electrode
and the common electrode to thereby modulate an incident
light.

[0010] A configuration of the related art LCD including
pixels having the above-mentioned structure will be
described with reference to FIG. 2. FIG. 2 is a block diagram
showing a configuration of a general liquid crystal display
device. Referring to FIG. 2, a general liquid crystal display
device 100 includes a liquid crystal display panel 110
provided with thin film transistors (TFTs) for driving the
liquid crystal cell Clc at an intersection of data lines DL1 to
DLm and gate lines GL1 to GLn crossing each other, a data
driver 120 for supplying a data to the data lines DL1 to DLm
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of the liquid crystal display panel 110, a gate driver 130 for
supplying a scanning pulse to the gate lines GL1 to GLn of
the liquid crystal display panel 110, a gamma reference
voltage generator 140 for generating a gamma reference
voltage to supply it to the data driver 120, a backlight
assembly 150 for irradiating a light onto the liquid crystal
display panel 110, an inverter 160 for applying AC voltage
and current to the backlight assembly 160, a common
voltage generator 170 for generating a common voltage
Veom and supplying them to the common electrode of the
liquid crystal cell Clc of the liquid crystal display panel 110,
a gate driving voltage generator 180 for generating a gate
high voltage VGH and a gate low voltage VGL and sup-
plying them to the gate driver 130, and a timing controller
190 for controlling the data driver 120 and the gate driver
130.

[0011] The liquid crystal display panel 110 has a liquid
crystal injected between two glass substrates. On the lower
glass substrate of the liquid crystal display panel 110, the
data lines D1 to DLm and the gate lines GL1 to GLn
perpendicularly cross each other. Each intersection between
the data lines DL1 to DLm and the gate lines GL.1 to GLn
is provided with the TFT. The TFT supplies data on the data
lines DL1 to DLm to the liquid crystal cell Clc in response
to the scanning pulse. The gate electrode of the TFT is
connected to the gate lines GL.1 to GLn while the source
electrode thereof is connected to the data line DL1 to DLm.
Further, the drain electrode of the TFT is connected to the
pixel electrode of the liquid crystal cell Clc and to the
storage capacitor Cst.

[0012] The TFT is turned on in response to the applied
scanning pulse, via the gate lines GL1 to GLn, to the gate
terminal thereof. Upon turning-on of the TFT, the video data
on the data lines DL1 to DLm are supplied to the pixel
electrode of the liquid crystal cell Clc.

[0013] The data driver 120 supplies the data 1o the data
lines DL1 to DLm in response to a data driving control
signal DDC from the timing controller 190. Further, the data
driver 120 samples and latches the digital video data RGB
fed from the timing controller 190, and then converts the
digital video data RGB into an analog data voltage capable
of expressing a gray scale level at the liquid crystal cell Clc
of the liquid crystal display panel 110 based on a gamma
reference voltage from the gamma reference voltage gen-
erator 140, thereby supplying it to the data lines DL1 to
DLm.

[0014] The gate driver 130 sequentially generates a scan-
ning pulse, that is, a gate pulse in response to a gate driving
control signal GDC and a gate shift clock GSC from the
timing controller 190 and supplies them to the gate lines
GL1 to GLn. The gate driver 130 determines a high level
voltage and a low level voltage of the scanning pulse in
accordance with the gate high voltage VGH and the gate low
voltage VGL from the gate driving voltage generator 180.
[0015] The gamma reference voltage generator 140
receives a highest-level power voltage VDD supplied to the
liquid crystal display panel 110 to thereby generate a posi-
tive gamma reference voltage and a negative gamma refer-
ence voltage, and outputs them to the data driver 120.
[0016] The backlight assembly 150 is provided at the rear
side of the liquid crystal display panel 110, and is radiated
by alternating current (AC) voltage and current supplied to
the inverter 160 to irradiate a light onto each pixel of the
liquid crystal display panel 110.
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[0017] The inverter 160 converts a rectangular wave sig-
nal generated at the interior thereof into a triangular wave
signal and then compares the triangular wave signal with a
direct current (DC) power voltage Vce supplied from said
system, thereby generating a burst dimming signal propor-
tional to a result of the comparison. If the burst dimming
signal is determined in accordance with the rectangular
wave signal at the interior of the inverter 160, then a driving
integrated circuit (IC) for controlling the generation of the
AC voltage and current within the inverter 160 controls the
generation of AC voltage and current supplied to the back-
light assembly 150 in response to the burst dimming signal.
[0018] The common voltage generator 170 receives a
high-level power voltage VDD to generate a common volt-
age Vcom, and supplies it to the common electrode of the
liquid crystal cell Cle provided at each pixel of the liquid
crystal display panel 110.

[0019] The gate driving voltage generator 180 is supplied
with a high-level power voltage VDD to generate the gate
high voltage VGH and the gate low voltage VGL, and
supplies them to the data driver 130. Herein, the gate driving
voltage generator 180 generates a gate high voltage VGH
higher than a threshold voltage of the TFT provided at each
pixel of the liquid crystal display panel 110 and a gate low
voltage VGL lower than the threshold voltage of the TFT.
The gate high voltage VGH and the gate low voltage VGL
generated in this manner are used for determining a high
level voltage and a low level voltage of the scanning pulse
generated by the gate driver 130, respectively.

[0020] The timing controller 190 supplies the digital video
data RGB from a digital video card (not shown) to the data
driver 120 and, at the same time, generates a data driving
control signal DCC and a gate driving control signal GDC
using horizontal/vertical synchronizing signals H and V in
response to a clock signal CLK and supplies them to the data
driver 120 and the gate driver 130, respectively. Herein, the
data driving control signal DDC includes a source shift
clock SSC, a source start pulse SSP, a polarity control signal
POL and a source output enable signal SOE, etc. The gate
driving control signal GDC includes a gate start pulse GSP
and a gate output enable signal GOE, etc.

[0021] A related art backlight driving apparatus for driving
a backlight of the liquid crystal display device having the
above-mentioned configuration will be described with ref-
erence to FIG. 3 below. FIG. 3 shows a configuration of a
backlight driving apparatus in the related art liquid crystal
display device. Referring to FIG. 3, the backlight driving
apparatus 200 includes a rectifier 210 for converting a
commercial power voltage (e.g., alternating current (AC)
voltage of 220V) into a direct current (DC) voltage, a
smoother 220 for eliminating a ripple loaded on the DC
voltage converted by the rectifier 210, a power factor
corrector 230 for correcting a power factor of the DC voltage
outputted from the smoother 220 and outputting a DC
voltage of 400V, a DC/DC converter 240 for converting the
DC voltage of 400V outputted from the power factor cor-
rector 230 into a DC voltage of 24V to output it to the
inverter 160, and an inverter 160 for converting and boosting
the DC voltage of 24V inputted from the DC/DC converter
240 into an AC voltage of 1000 Vrms and supplying it to the
backlight assembly 150.

[0022] Herein, the rectifier 210, the smoother 220, the
power factor corrector 230 and the DC/DC converter 240 are
provided at a power board (not shown) of a system such as
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a monitor, a television receiver or the like employing the
liquid crystal display device 100 rather than at the liquid
crystal display device 100. On the other hand, the inverter
160 is provided at the liquid crystal display device 100.
[0023] The related art backlight driving apparatus having
the above-mentioned configuration has a problem in that it
encounters an unnecessary power loss because the DC
voltage of 400V outputted from the power factor corrector
230 is supplied to the inverter by way of the DC voltage
conversion process made at the DC/DC converter 240 and in
that it further reduces the voltage conversion efficiency
because the inverter 160 converts and boosts the DC voltage
of 24V into the AC voltage of 1000 Vrms.

[0024] Furthermore, the liquid crystal display device 100
provided with a hybrid backlight employs a boost converter
to supply a driving voltage to a plurality of light emitting
diodes (LEDs) (not shown). However, since such a boost
converter has a deteriorated efficiency compared to a buck
converter and requires many parts or elements, a driving
efficiency of the plurality of LEDs is reduced and the
manufacturing cost rises due to the need of many parts or
elements.

SUMMARY OF THE INVENTION

[0025] Accordingly, it is a main object of the present
invention to provide a hybrid backlight driving apparatus for
a liquid crystal display wherein a high voltage can be
converted into a driving voltage of a hybrid backlight to be
supplied to lamps and light emitting diodes of the liquid
crystal display.

[0026] Another object of the present invention is to pro-
vide a hybrid backlight driving apparatus for a liquid crystal
display wherein a high voltage can be converted into a
driving voltage of a hybrid backlight to thereby prevent an
unnecessary power loss caused by a DC/DC converter, etc.,
and improve the conversion efficiency.

[0027] Yet another object of the present invention is to
provide a hybrid backlight driving apparatus for a liquid
crystal display wherein a high voltage can be converted into
a driving voltage of a hybrid backlight without using a boost
converter in supplying the converted voltage to light emit-
ting diodes of the liquid crystal display device, thereby
reducing the number of parts or elements as well as improv-
ing the driving efficiency.

[0028] In order to achieve these and other objects of the
invention, a hybrid backlight driving apparatus for a liquid
crystal display device according to an embodiment of the
present invention for driving a backlight assembly is pro-
vided. The hybrid backlight assembly has a plurality of
lamps and a plurality of light emitting diodes. The hybrid
backlight driving apparatus includes: a lamp inverter for
converting a first DC voltage into a lamp driving voltage and
supplying the lamp driving voltage to the plurality of lamps;
and a light emitting diode driver for converting the first DC
voltage into a light emitting diode driving voltage and
supplying the light emitting diode driving voltage to the
plurality of light emitting diodes.

[0029] In another aspect of the present invention, as
embodied, a display device includes a display panel; a
hybrid backlight assembly for emitting light toward the
display panel, the hybrid backlight assembly including a
plurality of lamps and a plurality of light emitting diodes; a
lamp inverter for converting a first DC voltage into a lamp
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driving voltage and supplying the lamp driving voltage to
the plurality of lamps; and a light emitting diode driver for
converting the first DC voltage into a light emitting diode
driving voltage and supplying the light emitting diode
driving voltage to the plurality of light emitting diodes.
[0030] In another aspect of the present invention, as
embodied, a method of driving a hybrid backlight assembly
of a display device is provided. The hybrid backlight assem-
bly includes a plurality of lamps and a plurality of light
emitting diodes. The method includes: converting a first DC
voltage into a lamp driving voltage and supplying the lamp
driving voltage to the plurality of lamps; and converting the
first DC voltage into a light emitting diode driving voltage
and supplying light emitting diode driving voltage to the
plurality of light emitting diodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] These and other objects of the invention will be
apparent from the following detailed description of the
embodiments of the present invention with reference to the
accompanying drawings, in which:

[0032] FIG. 1 is an equivalent circuit diagram of a pixel
provided at a general liquid crystal display device;

[0033] FIG. 2 is a block diagram showing a configuration
of a related art liquid crystal display device;

[0034] FIG. 3 is a block diagram showing a configuration
of a backlight driving apparatus in the related art liquid
crystal display device;

[0035] FIG. 4 is a block diagram showing a configuration
of a backlight driving apparatus in a liquid crystal display
device according to an embodiment of the present invention;
[0036] FIG. 5 is a block diagram showing a configuration
of the lamp inverter in FIG. 4;

[0037] FIG. 6 is a circuit diagram of the lamp inverter
shown in FIG. 4;

[0038] FIG. 7 and FIG. 8 illustrate operation procedures of
the lamp inverter shown in FIG. 6;

[0039] FIG. 9 shows an operational characteristic of the
lamp inverter in FIG. 6;

[0040] FIG. 10 is a circuit diagram of the light emitting
diode driver shown in FIG. 4; and

[0041] FIG. 11 and FIG. 12 illustrate operation procedures
of the light emitting diode driver shown in FIG. 10.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0042] FIG. 4 shows a configuration of a backlight driving
apparatus in a liquid crystal display device according to an
embodiment of the present invention. The liquid crystal
display device may further include conventional elements
such as a liquid crystal display panel, a timing controller, a
gate driving voltage generator, a data driver, a gate driver, a
gamma reference voltage generator, a common voltage
generator, etc.

[0043] Referring to FIG. 4, the backlight driving apparatus
300 includes a rectifier 210, a smoother 220 and a power
factor corrector 230 similar to the backlight driving appa-
ratus 200 shown in FIG. 3. Further, the backlight driving
apparatus 300 includes a backlight assembly 310 including
a plurality of lamps 311 and a plurality of light emitting
diodes (LED’s) 312, a lamp inverter 320 for converting a
DC 400V applied from the power factor corrector 230 into
alamp driving voltage and supplying it to the lamps 311, and
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alight emitting diode driver 330 for converting the DC 400V
applied from the power factor corrector 230 into a LED
driving voltage and supplying it to the light emitting diodes
311.

[0044] The rectifier 210 converts a commercial power
voltage (e.g., AC 220V or 110V, or other commercial power
voltages) into a DC voltage and supplies it to the smoother
220. Since a voltage boosting is made in such a rectifying
process, approximately DC 331V is supplied to the smoother
220 in the case of a commercial power voltage of AC 220V.
[0045] The smoother 220 eliminates a ripple loaded on a
DC voltage (DC 331V) rectified by the rectifier 210 to apply
the DC 331V having only a DC component to the power
factor corrector 230. In this smoothing process, the smoother
220 only allows a DC component to pass, but absorbs and
removes an AC component.

[0046] The power factor corrector 230 makes a power
factor correction of the DC voltage (DC 331V) applied from
the smoother 220 to eliminate a phase difference between the
voltage and the current, and supplies the DC 400V to the
lamp inverter 320 and the light emitting diode driver 330.
Since the commercial power voltage used for each country
is different, the power factor corrector 230 aims at supplying
a constant DC voltage (DC 400V) to the lamp inverter 320
and the light emitting diode driver 330 irrespective of a
magnitude of the commercial power voltage.

[0047] The backlight assembly 310 includes a plurality of
lamps 311 arranged at the rear side of the liquid crystal
display panel 110 to control the brightness of the picture
field, and a plurality of light emitting diodes 312 spaced
between the lamps at a constant distance to control the color
of the picture field.

[0048] The lamp inverter 320 switches the DC high-level
voltage (DC 400V) from the power factor corrector 230 to
generate an AC voltage of 400 Vrms and thereafter boosts
the AC 400 Vrms into an AC 750 Vrms and supplies it to
each side of the lamps 311. In particular, the lamp inverter
320 supplies the AC 750 Vrms having opposite phases to
both sides of the lamps 311, respectively.

[0049] The light emitting diode driver 330 converts the
DC high-level voltage (DC 400V) from the power factor
corrector 230 to a DC low-level voltage (DC 35V in the
illustrated embodiment) to supply it to the light emitting
diodes 312.

[0050] FIG. 5 shows a configuration of the lamp inverter
in FIG. 4. Referring to FIG. 5, the lamp inverter 320 in the
illustrated embodiment includes a lamp driving controller
321 for controlling driving of the lamps 311 in response to
a burst dimming signal for the lamp, first and second DC/AC
switching devices 322 and 323 for switching the DC high-
level voltage (DC 400V in the illustrated embodiment)
under control of the lamp driving controller 321 and out-
putting an AC voltage of 400 Vrms, a first transformer 324
for boosting the AC 400 Vrms outputted from the first
DC/AC switching device 322 and supplying the boosted AC
voltage (AC 750 Vrms in the illustrated embodiment) to one
terminal of the lamps 311, and a second transformer 325 for
boosting the AC 400 Vrms outputted from the second
DC/AC switching device 323 and supplying an AC 750
Vrms having an phase opposite to the AC 750 Vrms out-
putted from the first transformer 324 to the other terminal of
the lamps 311.

[0051] The lamp driving controller 321 generates a lamp
driving control signal for controlling switching operations of
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the first and second DC/AC switching devices 322 and 323
in response to a burst dimming signal for the lamp, which is
a pulse width modulated (PWM) signal, and supplies it to
the first and second DC/AC switching devices 322 and 323.
Herein, the burst dimming signal for the lamp is a typical
signal for controlling brightness of the lamps 311.

[0052] The first DC/AC switching device 322 switches the
DC high-level voltage (DC 400V) supplied from the power
factor corrector 230 in response to the lamp driving control
signal from the lamp driving controller 321 to output the AC
voltage of 400 Vrms to the first transformer 324. In this case,
the first DC/AC switching device 322 supplies a positive (+)
AC 400 Vrms and a negative (=) AC 400 Vrms, via two
signal paths, to the first transformer 324.

[0053] The second DC/AC switching device 323 switches
the DC high-level voltage (DC 400V) fed from the power
factor corrector 230 in response to a lamp driving control
signal from the lamp driving controller 321 to output the AC
voltage of 400 Vrms to the second transformer 324. In this
case, the second DC/AC switching device 323 supplies a
positive (+) AC 400 Vrms and a negative (=) AC 400 Vrms,
via two signal paths, to the second transformer 324. Par-
ticularly, the first and second DC/AC switching devices 322
and 323 output AC 400 Vrms having the same phase.

[0054] The first transformer 324 boosts the inputted AC
400 Vrms, via two signal paths, from the first DC/AC
switching device 322 and supplies the AC 750 Vrms to one
terminal of the lamps 311.

[0055] The second transformer 325 boosts the inputted AC
400 Vrms, via two signal paths, from the second DC/AC
switching device 323 and supplies the AC 750 Vrms to the
other terminals of the lamps 311. In this case, the second
transformer 325 supplies an AC 750 Vrms having a phase
opposite to the AC 750 Vrms outputted from the first
transformer 324.

[0056] A voltage of AC 750 Vrms is supplied to each
terminal of the lamps 311 in this manner, so that a voltage
of AC 1500 Vrms is substantially supplied to the lamps 311.
Meanwhile, the illustrated hybrid backlight driving appara-
tus has been implemented such that the first and second
transformers 324 and 325 supply the AC 750 Vrms to each
terminal of the lamps 311, but is not limited to this imple-
mentation. A magnitude of a voltage supplied to the lamps
may be changed in accordance with the type of the lamps or
the number of the lamps.

[0057] FIG. 6 is a circuit diagram of the lamp inverter
shown in FIG. 4. Referring to FIG. 6, the first DC/AC
switching device 322 in the illustrated embodiment includes
first and second NMOS field effect transistors (FETs) FT1
and FT2 connected, in series, between an output terminal of
the power factor corrector 230 and a ground, and third and
fourth NMOS FETs FT3 and FT4 connected, in series,
between the output terminal of the power factor 230 and the
ground while being connected in parallel to and symmetri-
cally to the first and second NMOS FETs FT1 and FT2.

[0058] The first NMOS FET FT1 has a drain to which the
DC high-level voltage (DC 400V) from the power factor
corrector 230 is applied, a gate to which the lamp driving
control signal from the lamp driving controller 321 is
applied, and a source connected to a first output node N1.
[0059] The second NMOS FET FT2 has a drain com-
monly connected to the source of the first NMOS FET FT1
and the first output node N1, a gate to which the lamp
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driving control signal from the lamp driving controller 321
is applied, and a source connected to the ground.

[0060] The third NMOS FET FT3 has a drain to which the
DC high-level voltage (DC 400V) from the power factor
corrector 230 is applied, a gate to which the lamp driving
control signal from the lamp driving controller 321 is
applied, and a source connected to a second output node N2.
[0061] The fourth NMOS FET FT4 has a drain commonly
connected to the source of the third NMOS FET FT3 and the
second output node N2, a gate to which the lamp driving
control signal from the lamp driving controller 321 is
applied, and a source connected to the ground. Herein, the
first and second output nodes N1 and N2 are connected to
the input terminal of the first transformer 324.

[0062] The second DC/AC switching device 323 in the
illustrated embodiment includes fifth and sixth NMOS FETs
FT5 and FT6 connected, in series, between the output
terminal of the power factor corrector 230 and the ground,
and seventh and eighth NMOS FETs FT7 and FT8 con-
nected, in series, between the output terminal of the power
factor corrector 230 and the ground, and connected in
parallel to and symmetrically to the fifth and sixth NMOS
FETs FT5 and FTé.

[0063] The fifth NMOS FET FT5 has a drain to which the
high-level voltage (DC 400V) from the power factor cor-
rector 230 is applied, a gate to which the lamp driving
control signal from the lamp driving controller 321 is
applied, and a source connected to a third output node N3.
[0064] The sixth NMOS FET FT6 has a drain commonly
connected to the source of the fifth NMOS FET FT5 and the
third output node N3, a gate to which the lamp driving
control signal from the lamp driving controller 321 is
applied, and a source connected to the ground.

[0065] The seventh NMOS FET FT7 has a drain to which
the DC high-level voltage (DC 400V) from the power factor
corrector 230 is applied, a gate to which the lamp driving
control signal from the lamp driving controller 321 is
applied, and a source connected to a fourth output node N4.
[0066] The eighth NMOS FET FT8 has a drain commonly
connected to the source of the seventh NMOS FET FT7 and
the fourth output node N4, a gate to which the lamp driving
control signal from the lamp driving controller 321 is
applied, and a source connected to the ground. Herein, the
third and fourth output nodes N3 and N4 are connected to
the input terminal of the second transformer 325.

[0067] The first transformer 324 includes a primary coil
L1 having two terminals respectively connected to the first
and second output nodes N1 and N2 of the first DC/AC
switching device 322, and a secondary coil L2 having one
terminal connected to one terminal of the lamps 311 and the
other terminal connected to the ground.

[0068] The second transformer 325 includes a primary coil
L3 having two terminals respectively connected to the third
and fourth output nodes N3 and N4 of the second DC/AC
switching device 323, and a secondary coil L4 having one
terminal connected to one terminal of the lamps 311 and the
other terminal connected to the ground.

[0069] Particularly, the coils L1 and 1.2 of the first trans-
former 324 and the coils L3 and 1.4 of the second trans-
former 325 are wound in an opposite direction with respect
to each other. Thus, the AC 750 Vrms outputted from the first
transformer 324 has an opposite phase contrary to the AC
750 Vrms outputted from the second transformer 325.
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[0070] An operation procedure of the lamp inverter 320
having the above-mentioned circuit configuration will be
described in detail with reference to FIG. 7 to FIG. 9 below.
As shown in FIG. 7, if the lamp driving controller 321
supplies a high-level lamp driving control signal to the gates
of the first and fourth NMOS FETs FT1 and FT4 of the first
DC/AC switching device 322 and to the gates of the fifth and
eighth NMOS FETs FT5 and FT8 of the second DC/AC
switching device 323, then the first and fourth NMOS FETs
FT1 and FT4 and the fifth and eighth NMOS FETs FT5 and
FT8 are turned on at the same time.

[0071] Accordingly, at the first DC/AC switching device
322, the DC high-level voltage (DC 400V) is switched by
the first NMOS FET FT1 to be outputted, via the first output
node N1, to the first transformer 324. Therefore, a path of a
signal applied, via the first NMOS FET FT1, the first output
node N1, the primary coil L1 of the first transformer 324, the
second output node N2 and the fourth NMOS FET FT4 in
turn, to the ground is formed.

[0072] Further, at the second DC/AC switching device
323, the DC high-level voltage (DC 400V) is switched by
the fifth NMOS FET FT5 to be outputted, via the third
output node N3, to the second transformer 325. Therefore, a
path of a signal applied, via the fifth NMOS FET FT5, the
third output node N3, the primary coil L3 of the second
transformer 325, the fourth output node N4 and the eighth
NMOS FET FT8 in turn, to the ground is formed.

[0073] As shown in FIG. 8, if the lamp driving controller
321 supplies a high-level lamp driving control signal to the
gates of the second and third NMOS FETs FT2 and FT3 of
the first DC/AC switching device 322 and to the gates of the
sixth and seventh NMOS FETs FT6 and FT7 of the second
DC/AC switching device 323, then the second and third
NMOS FETs FT2 and FT3 and the sixth and seventh NMOS
FETs FT6 and FT7 are turned on at the same time.

[0074] Accordingly, at the first DC/AC switching device
322, the DC high-level voltage (DC 400V) is switched by
the third NMOS FET FT3 to be outputted, via the second
output node N2, to the first transformer 324. Therefore, a
path of a signal applied, via the third NMOS FET FT3, the
second output node N2, the primary coil L1 of the first
transformer 324, the first output node N1 and the second
NMOS FET FT2 in turn, to the ground is formed.

[0075] Further, at the second DC/AC switching device
323, the DC high-level voltage (DC 400V) is switched by
the seventh NMOS FET FT7 to be outputted, via the fourth
output node N4, to the second transformer 325. At this time,
a path of a signal applied, via the seventh NMOS FET FI7,
the fourth output node N4, the primary coil L3 of the second
transformer 325, the third output node N3 and the sixth
NMOS FET FT6 in turn, to the ground is formed.

[0076] As described above, a signal path formed by way
of the first and fourth MOS FETs FT1 and FT4 and a signal
path formed by way of the second and third MOS FETs FT2
and FT3 in response to the lamp driving control signal is
made in a direction opposite to each other. Therefore, as
shown in FIG. 9 (A), the first DC/AC switching device 322
switches the DC high-level voltage in two directions in
response to the lamp driving control signal to supply posi-
tive (+) and negative (=) AC 400 Vrms to each terminal of
the primary coil L1 of the first transformer 324.

[0077] Further, a signal path formed by way of the fifth
and eighth MOS FETs FT5 and FT8 and a signal path
formed by way of the sixth and seventh MOS FETs FT6 and
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FT7 in response to the lamp driving control signal is made
in a direction opposite to each other. Therefore, as shown in
FIG. 9(B), the second DC/AC switching device 323
switches the DC high-level voltage in two directions in
response to the lamp driving control signal to supply posi-
tive (+) and negative (=) AC 400 Vrms to each terminal of
the primary coil L3 of the second transformer 325.

[0078] Moreover, the coils L1 and L2 of the first trans-
former 324 and the coils L3 and L4 of the second trans-
former 325 are wound in an opposite direction with respect
to each other. Therefore, the AC 750 Vrms outputted from
the first transformer 324 has a phase opposite to the AC 750
Vrms outputted from the second transformer 325 as shown
in FIGS. 9A and 9B.

[0079] FIG. 10 is a circuit diagram of the light emitting
diode driver shown in FIG. 4. Referring to FIG. 10, the light
emitting diode driver 330 in the illustrated embodiment
includes a light emitting diode driving controller 331 for
controlling driving of the light emitting diodes 312 in
response to a burst dimming signal for the light emitting
diode, an input stabilizer 332 for stabilizing the DC high-
level voltage (DC 400V) supplied from the power factor
corrector 230, a DC/DC converter 333 for dropping the DC
high-level voltage (DC 400V) supplied from the power
factor corrector 230 to output a DC low-level voltage (DC
35V), a backward current preventing device 334 for pre-
venting a reverse flowing of a current from the light emitting
diodes 312, an output stabilizer 335 for stabilizing a voltage
outputted from the DC/DC converter 333, a current sensor
336 for sensing a current flowing through the light emitting
diodes 312 to feed back a voltage passing through the light
emitting diodes 312 into the light emitting diode driving
controller 331, and a switching device 337 for switching a
DC low-level voltage (DC 35V) converted by the DC/DC
converter 333 into the ground under control of the light
emitting diode driving controller 331.

[0080] The light emitting diode driving controller 331
generates a light emitting diode driving control signal for
controlling a switching operation of the switching device
337 in response to a burst dimming signal for the light
emitting diode, which is a pulse width modulated (PWM)
signal, and supplying it to the switching device 337. Herein,
the burst dimming signal for the light emitting diode is a
typical signal for controlling brightness of the light emitting
diodes 312 to determine a color of the picture field.

[0081] The input stabilizer 332 in the illustrated embodi-
ment includes a capacitor Cl connected between an input
terminal thereof and the ground, and plays a role in stabi-
lizing an input voltage by the capacitor C1.

[0082] The DC/DC converter 333 in the illustrated
embodiment includes an inductor L5 having one terminal
connected to the output terminal of the power factor cor-
rector 230 and the other terminal commonly connected to
the backward current preventing device 334 and the switch-
ing device 337, and plays a role in converting the DC
high-level voltage (DC 400V) supplied from the power
factor corrector 230 into a DC low-level voltage (DC 35V)
by the inductor LS. However, the DC low-level voltage
converted by the DC/DC converter 333 is not limited to the
DC 35V, but is determined by the number of the light
emitting diodes 312.

[0083] The backward current preventing device 334 in the
illustrated embodiment includes a diode D1 having an anode
commonly connected to the inductor L5 of the DC/DC



US 2007/0146565 A1l

converter 333 and the switching device 337 and a cathode
commonly connected to one terminal of the light emitting
diodes 312 and the output stabilizer 335, and plays a role in
preventing a reverse flowing of a current from the light
emitting diodes 312 by the diode D1.

[0084] The output stabilizer 335 in the illustrated embodi-
ment includes a capacitor C2 having one terminal commonly
connected to the cathode of the diode D1 of the backward
current preventing means 334 and the anodes of the light
emitting diodes 321 and the other terminal connected to the
ground, and plays a role in stabilizing an output voltage by
the capacitor C2.

[0085] The current sensor 336 in the illustrated embodi-
ment includes a resistor R1 having one terminal commonly
connected to the cathodes of the light emitting diodes 312
and a feedback terminal of the light emitting diode driving
controller 331 and the other terminal connected to the
ground. Herein, the resistor R1 senses a current flowing
through itself and feeds a voltage loaded on each terminal
thereof back into the light emitting diode driving controller
331. If a voltage is fed back, then the light emitting diode
driving controller 331 controls a switching period of the
switching device 337 in response to the feedback voltage to
thereby supply a constant DC voltage to the light emitting
diodes 312.

[0086] The switching device 337 in the illustrated embodi-
ment includes a N-type bipolar transistor TR1 having a base
for receiving a light emitting diode control signal from the
light emitting diode driving controller 331, a collector
commonly connected to the inductor L5 and the anode of the
diode D1 and an emitter connected to the ground. In other
words, the transistor TR1 is turned on when a high-level
light emitting diode driving control signal is applied to the
base thereof while being turned off when a low-level light
emitting diode driving control signal is applied to the base
thereof.

[0087] An operation procedure of the light emitting diode
driver 330 having the above-mentioned circuit configuration
will be described in detail with reference to FIG. 11 and FIG.
12 below. If the light emitting diode driving controller 331
applies a low-level light emitting diode driving control
signal to the base of the transistor TR1 of the switching
device 337, then the transistor TR1 is turned off as shown in
FIG. 11 to supply a DC low-level voltage (DC 35V) con-
verted by the DC/DC converter 333 to the light emitting
diodes 312, thereby radiating the light emitting diodes 312.
Therefore, a path of a signal applied, via the inductor L5, the
diode D1, the light emitting diodes 312 and the resistor R1
in turn, to the ground is formed.

[0088] On the other hand, if the light emitting diode
driving controller 331 applies a high-level light emitting
diode driving control signal to the base of the transistor TR1
of the switching device 337, then the transistor TR1 is turned
on as shown in FIG. 12 to supply a DC low-level voltage
(DC 35V) converted by the DC/DC converter 333 to the
ground, thereby turning off the light emitting diodes 312.
Therefore, a path of a signal applied, via the inductor L5 and
the transistor TR1 in turn, to the ground is formed.

[0089] As described above, the illustrated hybrid backlight
driving apparatus can convert a high-level voltage into a
driving voltage of the hybrid backlight to thereby prevent an
unnecessary power loss caused by the DC/DC converter,
etc., and improve the conversion efficiency. Furthermore, the
illustrated hybrid backlight driving apparatus does not use
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the boost converter in converting a high-level voltage into a
driving voltage of the hybrid backlight for the light emitting
diodes of the liquid crystal display device. Therefore, it can
reduce the number of parts or elements and enhance the
driving efliciency.

[0090] Although the present invention has been explained
by the embodiments shown in the drawings described above,
it should be understood to the ordinary skilled person in the
art that the invention is not limited to the embodiments, but
rather that various changes or modifications thereof are
possible without departing from the spirit of the invention.
Accordingly, the scope of the invention shall be determined
only by the appended claims and their equivalents.

What is claimed is:

1. A hybrid backlight driving apparatus for driving a
hybrid backlight assembly of a liquid crystal display device,
the hybrid backlight assembly having a plurality of lamps
and a plurality of light emitting diodes, the hybrid backlight
driving apparatus comprising:

a lamp inverter for converting a first DC voltage into a
lamp driving voltage and supplying the lamp driving
voltage to the plurality of lamps; and

a light emitting diode driver for converting the first DC
voltage into a light emitting diode driving voltage and
supplying the light emitting diode driving voltage to the
plurality of light emitting diodes.

2. The hybrid backlight driving apparatus of claim 1,

wherein the lamp inverter includes:

a lamp driving controller for controlling driving of the
plurality of lamps in response to a burst dimming signal
for the plurality of lamps;

a first DC/AC switching device and a second DC/AC
switching device for respectively converting the first
DC voltage under control of the lamp driving controller
to a first AC voltage and a second AC voltage;

a first transformer for boosting the first AC voltage and
supplying the boosted first AC voltage to a first termi-
nal of each of the plurality of lamps; and

a second transformer for boosting the second AC voltage
and supplying the boosted second AC voltage to a
second terminal of each of the plurality of lamps, the
boosted second AC voltage having a phase opposite to
the boosted first AC voltage.

3. The hybrid backlight driving apparatus of claim 2,
wherein the first and second transformers are wound in a
direction opposite to each other.

4. The hybrid backlight driving apparatus of claim 1,
wherein the light emitting diode driver includes:

a light emitting diode driving controller for controlling
driving of the plurality of light emitting diodes in
response to a burst dimming signal for the plurality of
light emitting diodes;

a DC/DC converter for converting the first DC voltage to
the lamp driving voltage that is a second DC voltage
lower than the first DC voltage; and

a switching device for switching the lamp driving voltage
under control of the light emitting diode driving con-
troller into a ground or to the plurality of light emitting
diodes.

5. The hybrid backlight driving apparatus of claim 4,

wherein the DC/DC converter includes an inductor.

6. The hybrid backlight driving apparatus of claim 4,
wherein the switching device is turned off when a low-level
light emitting diode driving control signal is applied from
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the light emitting diode driving controller to thereby supply
the lamp driving voltage to the plurality of light emitting
diodes, and wherein the switching device is turned on when
a high-level light emitting diode driving control signal is
applied from the light emitting diode driving controller,
thereby switching the lamp driving voltage into the ground.

7. The hybrid backlight driving apparatus of claim 6,
wherein the switching device includes:

a transistor having a base to which the light emitting diode
driving control signal is applied, a collector connected
to an output terminal of the DC/DC converter, and an
emitter connected to the ground.

8. The hybrid backlight driving apparatus of claim 4,

wherein the light emitting diode driver further includes:
an input stabilizer for stabilizing the first DC voltage
received by the light emitting diode driver.

9. The hybrid backlight driving apparatus of claim 8,
wherein the input stabilizer includes:

a capacitor having a first terminal connected to the
DC/DC converter and a second terminal connected to
the ground.

10. The hybrid backlight driving apparatus of claim 4,

wherein the light emitting diode driver further includes:
an output stabilizer for stabilizing the lamp driving volt-
age.

11. The hybrid backlight driving apparatus of claim 10,
wherein the output stabilizer includes:

a capacitor connected in parallel to the plurality of light
emitting diodes and connected between an output ter-
minal of the DC/DC converter and the ground.

12. The hybrid backlight driving apparatus of claim 4,

wherein the light emitting diode driver further includes:

a backward current preventing device for preventing a
reverse flowing of a current from the plurality of light
emitting diode.

13. The hybrid backlight driving apparatus of claim 12,

wherein the backward current preventing device includes:

a diode having an anode connected to an output terminal
of the DC/DC converter and a cathode connected to
anodes of the plurality of light emitting diodes.

14. The hybrid backlight driving apparatus of claim 4,

wherein the light emitting diode driver further includes:

a current sensor for sensing a current flowing through the
plurality of light emitting diodes and feeding a voltage
applied to the current sensor back into the light emitting
diode driving controller.

15. The hybrid backlight driving apparatus of claim 14,

wherein the current sensor includes:

a resistor having a first terminal commonly connected to
cathodes of the plurality of light emitting diodes and to
a feedback terminal of the light emitting diode driving
controller, and a second terminal connected to the
ground.

16. The hybrid backlight driving apparatus of claim 1,
wherein the lamp driving voltage is an AC voltage, and the
light emitting diode driving voltage is a second DC voltage
lower than the first DC voltage.

17. The hybrid backlight driving apparatus of claim 1,
further comprising a power factor corrector for providing the
first DC voltage to the lamp inverter and the light emitting
diode driver.

18. The hybrid backlight driving apparatus of claim 1,
wherein the lamp inverter directly converts the first DC
voltage into the lamp driving voltage that is an AC voltage.
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19. The hybrid backlight driving apparatus of claim 18,
wherein the lamp inverter directly converts the first DC
voltage into the lamp driving voltage without using a
DC/DC converter.

20. A display device comprising:

a display panel,

a hybrid backlight assembly for emitting light toward the

display panel, the hybrid backlight assembly including
a plurality of lamps and a plurality of light emitting
diodes;

a lamp inverter for converting a first DC voltage into a
lamp driving voltage and supplying the lamp driving
voltage to the plurality of lamps; and

a light emitting diode driver for converting the first DC
voltage into a light emitting diode driving voltage and
supplying the light emitting diode driving voltage to the
plurality of light emitting diodes.

21. The display device of claim 20, wherein the display

panel is a liquid crystal panel.

22. The display device of claim 20, wherein the lamp
driving voltage is an AC voltage, and the light emitting
diode driving voltage is a second DC voltage lower than the
first DC voltage.

23. The display device of claim 20, wherein the lamp
inverter directly converts the first DC voltage into the lamp
driving voltage that is an AC voltage.

24. The display device of claim 23, wherein the lamp
inverter directly converts the first DC voltage into the lamp
driving voltage without using a DC/DC converter.

25. The display device of claim 20, wherein the lamp
inverter includes:

a lamp driving controller for controlling driving of the
plurality of lamps in response to a burst dimming signal
for the plurality of lamps;

a first DC/AC switching device and a second DC/AC
switching device for respectively converting the first
DC voltage under control of the lamp driving controller
to a first AC voltage and a second AC voltage;

a first transformer for boosting the first AC voltage and
supplying the boosted first AC voltage to a first termi-
nal of each of the plurality of lamps; and

a second transformer for boosting the second AC voltage
and supplying the boosted second AC voltage to a
second terminal of each of the plurality of lamps, the
boosted second AC voltage having a phase opposite to
the boosted first AC voltage.

26. The display device of claim 20, wherein the light

emitting diode driver includes:

a light emitting diode driving controller for controlling
driving of the plurality of light emitting diodes in
response to a burst dimming signal for the plurality of
light emitting diodes;

a DC/DC converter for converting the first DC voltage to
the lamp driving voltage that is a second DC voltage
lower than the first DC voltage; and

a switching device for switching the lamp driving voltage
under control of the light emitting diode driving con-
troller into a ground or to the plurality of light emitting
diodes.

27. A method of driving a hybrid backlight assembly of a
display device, the hybrid backlight assembly having a
plurality of lamps and a plurality of light emitting diodes, the
method comprising:
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converting a first DC voltage into a lamp driving voltage
and supplying the lamp driving voltage to the plurality
of lamps; and

converting the first DC voltage into a light emitting diode

driving voltage and supplying light emitting diode
driving voltage to the plurality of light emitting diodes.

28. The method of claim 27, wherein the lamp driving
voltage is an AC voltage, and the light emitting diode
driving voltage is a second DC voltage lower than the first
DC voltage.

29. The method of claim 27, wherein the step of convert-
ing the first DC voltage into the lamp driving voltage
includes directly converting the first DC voltage into the
lamp driving voltage that is an AC voltage.

30. The method of claim 29, wherein the step of directly
converting the first DC voltage into the lamp driving voltage
is performed without a DC/DC conversion.

31. The method of claim 27, wherein the step of convert-
ing the first DC voltage into the lamp driving voltage
includes:
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converting the first DC voltage to an AC voltage;

boosting the first AC voltage to be a first boosted AC
voltage and supplying the first boosted AC voltage to a
first terminal of each of the plurality of lamps; and

boosting the first AC voltage to be a second boosted AC
voltage and supplying the second boosted AC voltage
to a second terminal of each of the plurality of lamps,
the second boosted AC voltage having a phase opposite
to the first boosted AC voltage.

32. The method of claim 27, wherein the step of convert-
ing the first DC voltage into the light emitting diode driving
voltage includes:

converting the first DC voltage to the lamp driving

voltage that is a second DC voltage lower than the first
DC voltage; and

selectively switching the lamp driving voltage to a ground

or to the plurality of light emitting diodes.
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