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7) ABSTRACT

A liquid crystal display (LCD) including a light emitting
diode (LED) driving circuit and an LED module is provided.
The LED module includes a plurality of LEDs. The LED
driving circuit includes a transformer, a rectification circuit
and a filter circuit. The transformer is used for outputting an
AC voltage. The alternate current voltage is respectively
rectified and filtered by the rectification circuit and the filter
circuit, and then a direct current (DC) voltage level neces-
sary for driving the LEDs 1s outputted accordingly.
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LIQUID CRYSTAL DISPLAY AND LIGHT
EMITTING DIODE DRIVE CIRCUIT THEREOF

[0001] This application claims the benefit of Taiwan appli-
cation Serial No. 94118259, filed Jun. 2, 2005, the subject
matter of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates in general to a liquid crystal
display (LCD), and more particularly to a light emitting
diode (LED) driving circuit.

[0004] 2. Description of the Related Art

[0005] As the size of liquid crystal display (LCD)
becomes larger and larger, the backlight module of LCD
such as a large-sized LCD TV for instance has to provide a
higher standard of luminance so as to maintain image
quality. In terms of light emitting diode (LED) backlight
module, more LEDs need to be employed in order to provide
the luminance capable of maintaining image quality at
desired level.

[0006] However, in the conventional LED driving circuits
including DC-DC converters, power switches and related
electronic components for instance, the number of LEDs is
limited due to the withstanding voltage and withstanding
current of inductance and LED, or due to the step-up and
step-down limits of DC-DC converters. Therefore, the
object of driving more LEDs can be achieved by employing
more DC-DC converters each driving a certain number of
LEDs or connecting a number of LEDs in parallel. However,
the above method is associated with the problem of having
imbalanced current and higher cost. Thus, how to resolve the
problem of LED quantity restraint and imbalanced current
caused by the output voltage of DC-DC converter and
reduce the manufacturing cost of LED driving circuit has
become an imminent challenge.

SUMMARY OF THE INVENTION

[0007] Ttis therefore the object of the invention to provide
a liquid crystal display (LCD) and a light emitting diode
(LED) driving circuit thereof capable of resolving the prob-
lem of having insufficient output voltage and imbalanced
current when driving a number of LEDs occurring to con-
ventional DC-DC converter.

[0008] According to an object of the invention, an LCD
including a number of LEDs and LED driving circuits is
provided. The LEDs at least includes a string of serially-
connected LEDs. The driving circuit used for driving the
LEDs includes a transformer and a rectification circuit. The
transformer is used for outputting an alternate current (AC)
voltage. The rectification circuit is used for receiving the
alternate current voltage and outputting a first direct current
(DC) voltage accordingly for driving the LEDs.

[0009] According to another object of the invention, an
LCD including a backlight module and an LED driving
circuit is provided. The backlight module includes a number
of first and second LEDs. The first LEDs and the second
LEDs are used for providing the LCD with a light source
necessary for displaying an image. The driving circuit,
which is used for driving the first LEDs and the second
LEDs to illuminate, includes a transformer, a first rectifica-
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tion circuit and a second rectification circuit. The trans-
former includes a first secondary coil and a second second-
ary coil. The first secondary coil is used for outputting a first
AC voltage. The second secondary coil is used for output-
ting a second AC voltage. The first rectification circuit is
used for receiving the first alternate current voltage and
outputting a first direct current voltage accordingly for
driving the first LEDs. The second rectification circuit is
used for receiving the second alternate current voltage and
outputting a second direct current voltage accordingly for
driving the second LEDs.

[0010] According to yet another object of the invention, an
LED driving circuit used for driving a number of LEDs is
provided. The driving circuit includes a transformer and a
rectification circuit. The transformer is used for outputting
an AC voltage. The rectification circuit is used for receiving
the alternate current voltage and outputting a first direct
current voltage accordingly for driving the LEDs. The LED
is used for providing the LCD with a light source necessary
for displaying an image.

[0011] Other objects, features, and advantages of the
invention will become apparent from the following detailed
description of the preferred but non-limiting embodiments.
The following description is made with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a diagram of an LCD according to a first
embodiment of the invention;

[0013] FIG. 2 is another diagram of the LCD; and

[0014] FIG. 3 a diagram of an LCD according to a second
embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0015] The invention provides a liquid crystal display
(LCD) and a light emitting diode (LED) driving circuit
thereof capable of resolving the problem of having insuffi-
cient output voltage and imbalanced current when driving a
number of LEDs by a conventional DC-DC converter under
a large-scaled LCD.

First Embodiment

[0016] Referring to FIG. 1, a diagram of an LCD accord-
ing to a first embodiment of the invention is shown. LCD
100 includes an LED driving circuit 102 and an LED module
104. The LED module 104 can have N light emitting diodes,
namely, LED(1)-LED(N), where N is a positive integer. The
LED driving circuit 102 includes a transformer 106, a
rectification circuit 108 and a filter circuit 110. The N light
emitting diodes, capable of generating white light, are
applied in a backlight module and electrically connected to
each other in serial or in parallel. FIG. 1 illustrates a serial
connection. However, the present embodiment neither limits
the LEDs to be electrically connected in serial or in parallel,
nor limit the luminance color or number of LEDs. For
example, when N=60, the 60 light emitting diodes
LED(1)~LED(60) can be divided into two serials. That s,
the first 30 light emitting diodes LED(1)~LED(30) and the
remaining 30 light emitting diodes LED(31)~LED(60) are
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respectively connected in serial first, and then the two
serially-connected strings of light emitting diodes are con-
nected in parallel.

[0017] The above backlight module is used for providing
the LCD 100 with a light source for displaying an image (the
backlight module is not shown in FIG. 1). The transformer
106 is used for outputting an alternate current voltage AC.
The alternate current voltage AC is rectified and filtered by
the rectification circuit 108 and the filter circuit 110 respec-
tively, and then a direct current voltage level required for
driving the N light emitting diodes is outputted accordingly.

[0018] In other words, the alternate current voltage AC is
converted into a first direct current voltage DC1 by the
rectification circuit 108. The rectification circuit 108 can be
full/half-bridge rectification circuit or other circuits. Accord-
ing to the present embodiment, the rectification circuit 108
is not limited to a specific type; any circuit capable of
converting the alternate current voltage AC into a direct
current voltage (a first direct current voltage DC1 for
instance) will do. The first direct current voltage DC1, after
being filtered by the filter circuit 110, is converted into a
second direct current voltage DC2 whose voltage change is
smoother. The second direct current voltage DC2 drives the
N light emitting diodes to illuminate. The filter circuit 110
can include a serially-connected inductances [, and a paral-
lel-connected capacitance C for instance. The inductance L
and the capacitance C are not shown in FIG. 1.

[0019] Due to the characteristics or the restrictions of
electronic components in the DC-DC converter, the direct
current voltage level outputted by a conventional DC-DC
converter such as a boost converter has a limit and can not
be too high. Therefore, in order to drive more LEDs, the
LEDs have to be connected in parallel according to conven-
tional method. However, the LEDs are disadvantaged by
having a non-uniformed distribution of luminance under
parallel connection. Alternatively, in order to drive more
LEDs when the LCD becomes larger, more boost converters
each driving a certain number of LEDs are used. However,
the luminance of LEDs driven by different boost converters
is different.

[0020] Compared with the conventional method disclosed
above, the design of the invention provides an alternate
current voltage AC with a higher voltage level in correspon-
dence to the direct current voltage level required fro driving
the LEDs. That is, with the step-up and step-down charac-
teristics of the transformer 106 and the combination between
the rectification circuit 108 and the filter circuit 110, the
invention is not subject to the step-up limit of the boost
converter. When more and more LEDs are required as the
size of the LCD becomes larger and larger, the direct current
voltage level required for driving the LEDs can be generated
according to the step-up and step-down characteristics of the
transformer 106 and the combination between the rectifica-
tion circuit 108 and the filter circuit 110. The required direct
current voltage level is the second direct current voltage
DC2. In other words, the LEDs are not subject to the limit
imposed on the output voltage level of the boost converter,
and more LEDs can be serially connected to achieve the
desired luminance intensity. Furthermore, the LEDs have an
even uniformed distribution of luminance when connected
in serial.

[0021] The present embodiment resolves the problem of
having insufficient output voltage and imbalanced current
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when driving a number of LEDs. Moreover, the LED driving
circuit 102 drives more LEDs than the DC-DC converters
would do. Therefore, the LED driving circuit 102 of the
embodiment uses less DC-DC converters and control ICs,
thus reducing the manufacturing cost further.

[0022] The alternate current voltage received by the trans-
former 106 can be obtained by converting a direct current
voltage provided by the LCD 100 or an electric supply such
as AC 110 directly. The present embodiment is not subject
to the source of the alternate current voltage received by the
transformer 106; any power source capable of generating the
alternate current voltage AC required for driving the LEDs
will do. Within the capacity of the transformer 106, the
transformer 106 can have a number of secondary coils. Each
output signals of the secondary coils is rectified and filtered
by their respective rectification circuit and filter circuit, and
then drives their corresponding LED modules respectively.
Referring to FIG. 2, another diagram of the LCD is shown.
The LCD 100 can include two LED modules, namely, a first
LED module 104(1) and a second LED module 104(2). The
first LED module 104(1) and the second LED module
104(2) respectively have a number of serially connected
LEDs. The secondary coil of the transformer 106 includes a
first secondary coil 202 and a second secondary coil 204.
The primary coil 200 of the transformer 106 receives AC110
V for instance. As for the secondary coil, the first secondary
coil 202 is adapted to provide a first alternate current voltage
AC1, and the second secondary coil 204 is adapted to
provide a second alternate current voltage AC2. After having
been rectified and filtered by the first rectification circuit
108(1) and the first filter circuit 110(1) respectively, the first
alternate current voltage AC1 drives the first LED module
104(1) accordingly. The first filter circuit 110(1) can be
formed by a first inductance L1 and a first capacitance Cl1,
and the second filter circuit 110(2) can be formed by a
second inductance L2 and a second capacitance C2. Simi-
larly, the method of driving the second LED module 104(2)
is not repeated here. It is noteworthy that when the second
LED module 104(2) has the same number of LEDs with that
of the first LED module 104(1), the drive current of the
second LED module 104(2) and the drive current of the first
LED module 104(1) would be balanced. That is, the LED
modules 104(1) and 104(2) would have an even uniformed
distribution of luminance, if the first secondary coil 202 and
the second secondary coil 204 substantially have the same
number of turns and these turns are evenly coiled around the
same iron core.

Second Embodiment

[0023] Besides, the white light of the backlight module
can be generated by mixing the light of the red/green/blue
(RGB) LEDs. The transformer can further provide the
alternate current voltages required for driving the RGB LED
modules. Referring to FIG. 3, a diagram of an LCD accord-
ing to a second embodiment of the invention is shown.
Similarly, the LCD 100" also includes an LED driving circuit
102' and three LED modules 104'. The three LED modules
104' respectively are a first LED module 104'(1), a second
LED module 104'(2) and a third LED module 104'(3). The
first LED module 104'(1) has a number of first light emitting
diodes LED1 such as the red LEDs for instance. The second
LED module 104'(2) has a number of second light emitting
diodes LED2 such as the green LEDs for instance. The third
LED module 104'(3) has a number of third light emitting
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diodes LED3 such as the blue LEDs for instance. The first
light emitting diodes LED1, the second light emitting diodes
LED2 and the third light emitting diodes LED3 can have the
same or different numbers of light emitting diodes according
to the needs of the luminance intensity or the design.

[0024] The LED driving circuit 102' further includes three
rectification circuits 108' and three filter circuit 110'. The
three rectification circuits 108" include a first rectification
circuit 108'(1), a second rectification circuit 108'(2) and a
third rectification circuit 108'(3). The three filter circuits 110
include a first filter circuit 110'(1), a second filter circuit
110'(2) and a third filter circuit 110'(3). The secondary coil
of the transformer 106' includes a first secondary coil 202',
a second secondary coil 204' and a third secondary coil 206'.
The primary coil 200" of the transformer 106' receives an
AC110 V for instance. The first secondary coil 202, the
second secondary coil 204' and the third secondary coil 206'
are respectively used for outputting a first alternate current
voltage AC1', a second alternate current voltage AC2', and
a third alternate current voltage AC3'.

[0025] Likewise, the corresponding alternate current volt-
ages AC1'~AC3 are respectively rectified and filtered by the
rectification circuit 108' and the filter circuit 110", and then
the direct current voltage level required for driving the
corresponding LED module 104' is outputted accordingly.
That 1s, the secondary coils 202', 204' and 206' respectively
correspond to their respective direct current voltage levels
required for driving the LED modules 104'(1)~104'(3) and
respectively generate corresponding alternate current volt-
ages AC1'~AC3'". For example, in correspondence to the
number of the first light emitting diode LED1, the first
secondary coil 202' generates a first alternate current voltage
ACT' required for driving the first light emitting diode
LED1.

[0026] Like the first embodiment, with the step-up and
step-down characteristics of the transformer 106' and the
combination between the rectification circuit 108' and the
filter circuit 110", the present embodiment is not subject to
the step-up limit of the boost converter, thus generating a
direct current voltage level required for driving the LEDs
which can be connected in serial. The luminance of each of
the LED modules 104'(1)~104'(3) is more uniformed when
the LED modules are connected in serial.

[0027] In practical application, the LCD or the LED
driving circuit according to the invention can be used to
drive a few LEDs, a few dozens of LEDs or a few hundreds
of LEDs according to the needs of the design or the
luminance of the LED. The LEDs can be connected in serial
or the LEDs includes of a number of strings of serially-
connected LEDs which are connected in parallel.

[0028] Compared with the design using a DC-DC con-
verter, the LED driving circuit 102" of the present embodi-
ment reduces the required number of control ICs and related
electronic components used in the DC-DC converter, thus
reducing the manufacturing cost of the LED driving circuit
102",

[0029] The liquid crystal display and the light emitting
diode driving circuit thereof disclosed in above embodi-
ments of the invention not only resolves the problem of
having a DC-DC converter whose insufficient output voltage
is insufficient when driving a large-sized LCD but further
reduces the manufacturing cost of LED driving circuit.
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[0030] While the invention has been described by way of
example and in terms of a preferred embodiment, it is to be
understood that the invention is not limited thereto. On the
contrary, it is intended to cover various modifications and
similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and
similar arrangements and procedures.

What is claimed is:
1. A liquid crystal display (LCD), comprising:

a plurality of light emitting diodes (LEDs) include at least
a string of serially-connected LEDs; and

a driving circuit for driving the LEDs, wherein the driving
circuit comprises:

a transformer for providing an AC voltage; and

a rectification circuit for receiving the AC voltage and
for providing a first DC voltage in accordance with
the AC voltage to drive the LEDs.

2. The LCD according to claim 1, wherein the driving
circuit further comprises:

a filter circuit for receiving the first DC voltage and for
providing a second DC voltage in accordance with the
first DC to drive the LED:s.

3. The LCD according to claim 1, wherein the LEDs
includes of a number of strings of serially-connected LEDs
which are connected in parallel.

4. An LCD, comprising:

a backlight module, comprising:

a plurality of first LEDs and a plurality of second
LEDs, wherein the first LEDs and the second LEDs
1s configured to provide the LCD with a light source
for displaying an image; and

a driving circuit for driving the first LEDs and the second
LEDs, wherein the driving circuit comprises:

a transformer having a first secondary coil and a second
secondary coil, wherein the first secondary coil is
adapted to provide a first AC voltage, and the second
secondary coil is adapted to provide a second AC
voltage;

a first rectification circuit for receiving the first AC
voltage and for providing a first DC voltage in
accordance with the first AC voltage to drive the first
LEDs; and

a second rectification circuit for receiving the second

AC voltage and for providing a second DC voltage

in accordance with the second AC voltage to drive
the second LEDs.

5. The LCD according to claim 4, wherein the driving
circuit further comprises:

a first filter circuit for receiving the first DC voltage and
for providing a third DC voltage in accordance with the
first DC voltage to drive the first LEDs; and

a second filter circuit for receiving the second DC voltage
and for providing a fourth DC voltage in accordance
with the second DC voltage to drive the second LEDs.
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6. The LCD according to claim 4, wherein the backlight
module further comprises a plurality of third LEDs adapting
to provide the LCD with a light source for displaying an
image.

7. The LCD according to claim 6, wherein the transformer
further comprises a third secondary coil adapting to provide
a third AC voltage, the driving circuit further comprises:

a third rectification circuit for receiving the third AC
voltage and for providing a fifth DC voltage in accor-
dance with the third AC voltage; and

a third filter circuit for receiving the fifth AC voltage and
for providing a sixth DC voltage in accordance with the
fifth AC voltage to drive the third LEDs.

8. The LCD according to claim 7, wherein the first
rectification circuit, the second rectification circuit, and the
third rectification circuit are full-bridge rectification circuits.

9. The LCD according to claim 7, wherein the first
rectification circuit, the second rectification circuit, and the
third rectification circuit are a half-bridge rectification cir-
cuits.

10. The LCD according to claim 7, wherein the first LEDs
are of the same color, the second LEDs are of the same color,
and the third LEDs are of'the same color, and the first LEDs,
the second LEDs, and the third LEDs are of different colors.
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11. The LCD according to claim 7, wherein the first LEDs,
the second LEDs, and the third LEDs have different number
of LED:s.

12. A driving circuit for driving a plurality of LEDs,
comprising:

a transformer for providing an AC voltage; and

a rectification circuit for providing a first DC voltage in
response to the AC voltage to drive the LEDs, wherein
the LEDs are adapted to provide the LCD with a light
source for displaying an image.

13. The driving circuit according to claim 12, wherein the

driving circuit further comprises:

a filter circuit for receiving the first DC voltage and for
providing a second DC voltage in accordance with the
first DC voltage to drive the LEDs.

14. The driving circuit according to claim 12, wherein the
rectification circuit is a full-bridge rectification circuit.

15. The driving circuit according to claim 12, wherein the
rectification circuit is a half-bridge rectification circuit.



patsnap

LTRBH(E) RBEREBREL K —REWH BB
[F(2E)F US20060274024A1 [ (r&)B 2006-12-07
HiES US11/267398 HiEA 2005-11-07
BRI B(ERR)AGE) REXBRHERLT
B (% RN A () KBRS,
LB (AR AGE) REXE.
[#R1 &% BB A WEY CHIN DER
SUN CHIA HUNG
YU YA YUN
YEH YI CHUN
KBEA WEY, CHIN-DER
SUN, CHIA-HUNG
YU, YA-YUN
YEH, YI-CHUN
IPCH & G09G3/36
CPCo %= H05B33/0809 G09G3/3406 HO5B45/37
i 51X 094118259 2005-06-02 TW
S\EBEEE Espacenet USPTO
HE(R) 100
Bt —REER N E (LED ) R BEALEDERN KL T8 0
(LCD). LEDESSHESMED, LEDRHEHOETES BRE ______________ e
BAERES, TEEATREIREE, IAEES B AEREBMN | . .
B BB R AER , AEHMR R LRHLEORBWER (DC) BE || |8 | s )L
EE,SFO ! CNEIRMEr cireait FITET CITCLY i [l
: - T
o “. R R0
C106 108 o \
.. e e LU(2)



https://share-analytics.zhihuiya.com/view/7d52aef0-6c7b-4b4e-9bbc-5a20451d0f7a
https://worldwide.espacenet.com/patent/search/family/037493644/publication/US2006274024A1?q=US2006274024A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220060274024%22.PGNR.&OS=DN/20060274024&RS=DN/20060274024

