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(57) ABSTRACT

The present invention provides a direct type LED backlight
and a liquid crystal display thereof. The direct type LED
backlight comprises a power converting circuit, which trans-
fers an alternating current voltage generated from an external
liquid crystal display into direct an current voltage and out-
puts it; multiple LED strings connected in parallel, wherein
each LED string comprises a predetermined amount of LED
connected in parallel, which receives a direct current from the
power converting circuit; wherein, the predetermined amount
is limited to that the direct current of the LED string emitting
light normally is smaller than or equal to the direct current
output from the power converting circuit. According to the
direct type LED backlight of the present invention, it can
avoid using a boost circuit in order to decrease circuit com-
plexity and save costs.
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DIRECT TYPE LED BACKLIGHT AND
LIQUID CRYSTAL DISPLAY THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to the field of liquid
crystal display, and in particular to a direct type LED back-
light and a liquid crystal display thereof.

[0003] 2. The Related Arts

[0004] With the continuous improvement of technology,
the backlight technology of liquid crystal display is improved
continuously. A traditional backlight of the liquid crystal
display uses a cold cathode fluorescent lamp (CCFL). But
CCFL backlight has some disadvantages of worse color
reproduction, poor luminous efficiency, high discharge volt-
age, bad discharge feature at low temperature and taking long
time to heat to achieve stable grayscale. At present, it has been
developed using LED backlight technology.

[0005] LED backlight is mainly divided into direct type and
edge type.
[0006] The direct type LED backlight denotes that LED is

arranged at the back of the liquid crystal panel as backlight.
The edge type LED backlight denotes that LED is arranged
around the edge of the liquid crystal panel, in which the LED
emits light through the light guide plate and to the entire
display panel from the edge of the screen.

[0007] In the direct type LED backlight, multiple LED
strings are arranged at the back of the liquid crystal panel,
wherein, each LED string comprises multiple LEDs con-
nected in series. In order to drive each LED string, it needs a
specific drive circuit to offer drive voltage to each LED string.
[0008] FIG. 1 is a schematic view illustrating a direct type
LED backlight according to the known technology. As shown
in FIG. 1, the driving circuit of the backlight comprises a
power converting circuit 110, a boost circuit 120, and mul-
tiple LED strings 130.

[0009] The power converting circuit 110 is used to convert
an AC voltage (such as 110V or 220 V) into a DC voltage
(suchas 5V, 12V, or 24 V). Generally, there is only one power
converting circuit 110 used for AC-DC conversion in a liquid
crystal display, which is used as a DC power source for the
various electrical components in the liquid crystal display.
[0010] Theboostcircuit 120 is used to boost the DC voltage
output from the power converting circuit 110, to satisfy the
need of driving each LED string 130. In the present technol-
ogy, the needed voltage for each LED string 130 is higher than
the DC voltage output from the power converting circuit 110,
which needs the specific boost circuit 120 to boost. Because
of the presence of the boost circuit 120, the circuits of the
entire liquid crystal display become complicate, and the costs
increase.

[0011] Therefore, a direct type LED backlight with simple
and low-cost circuit structure is needed.

SUMMARY OF THE INVENTION

[0012] The purpose of the present invention is to provide a
direct type LED backlight which is used in a liquid crystal
display.

[0013] According to the present invention, it provides a
direct type LED backlight, comprising: a power converting
circuit, which transfers an alternating current voltage gener-
ated from an external liquid crystal display device into direct
an current voltage and outputs it; multiple LED strings con-
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nected in parallel, wherein each LED string comprises a
predetermined amount of LED connected in parallel, which
receives a direct current from the power converting circuit;
wherein, the predetermined amount is limited to that the
direct current voltage of the LED string emitting light nor-
mally is smaller than or equal to the direct current voltage
output from the power converting circuit.

[0014] Moreover, the predetermined amount of LED is
connected in series to a first resistor within each LED string.
[0015] Moreover, the direct type LED backlight further
comprises: a feed-back controlling circuit, which controls the
power converting circuit to control the intensity of output
direct current voltage according to the voltage across the first
resistor.

[0016] Moreover, the feed-back controlling circuit controls
the power converting circuit to increase the output voltage
when the voltage across the first resistor in one of the multiple
LED strings is smaller than a predetermined voltage thresh-
old; the feed-back controlling circuit controls the power con-
verting circuit to decrease the output voltage when the voltage
across the first resistor in each LED string is larger than the
predetermined voltage threshold.

[0017] Moreover, the predetermined voltage threshold is
the voltage across the first resistor when the LED string emits
light normally.

[0018] Moreover, no boost circuit exists in the direct type
LED backlight.

[0019] Moreover, the power converting circuit comprises a
primary coil, a secondary coil, a MOS transistor, a rectifying
diode, and a first capacitor; wherein, the primary coil is con-
nected in series to the MOS transistor, one end of the second-
ary coil is connected to the anode of the rectifying diode, the
first capacitor is connected between the cathode of the recti-
fying diode and the other end of the secondary coil, and the
gate of the MOS transistor is connected to the feed-back
controlling circuit.

[0020] Moreover, the feed-back controlling circuit com-
prises: afirst comparator, which compares the voltage across
the first resistor of the multiple LED strings with the prede-
termined voltage threshold; a square-wave generator, which
generates a square-wave signal; wherein, output a first level
signal when the voltage across the first resistor of each LED
string is larger than the predetermined voltage threshold,
output a second level signal when the voltage across the first
resistor in one of the multiple LED strings is smaller than the
predetermined voltage threshold; wherein, a square-wave
generator reduces the duty cycle of the square wave signal in
response to the first level signal, the square-wave generator
increases the duty cycle of the square-wave signal in response
to the second level signal.

[0021] Moreover, the square-wave generator comprises: a
second comparator, a triangular-wave generator, a second
resistor, and a second capacitor, wherein, a first input terminal
of the second comparator receives a triangular-wave signal
from the triangular-wave generator, a second input terminal
of the second comparator is connected to an output terminal
of the first comparator, and the second resistor and the second
capacitor connected in series to each other are connected to
the second input terminal of the second comparator.

[0022] Moreover, the first level signal is a low level signal,
and the second level signal is a high level signal.

[0023] According to the present invention, it further pro-
vides a liquid crystal display device, comprising a direct type
LED backlight, wherein, the direct type LED backlight com-
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prises: a power converting circuit, which transfers an alter-
nating current voltage generated from an external liquid crys-
tal display device into direct an current voltage and outputs it;
multiple LED strings connected in parallel, wherein each
LED string comprises a predetermined amount of LED con-
nected in parallel, which receives a direct current from the
power converting circuit; wherein, the predetermined amount
is limited to that the direct current of the LED string emitting
light normally is smaller than or equal to the direct current
output from the power converting circuit; wherein the prede-
termined amount of LED is connected in series to a first
resistor within each LED string; a feed-back controlling cir-
cuit, which controls the power converting circuit to control
the intensity of output direct current voltage according to the
voltage across the first resistor; wherein, the feed-back con-
trolling circuit controls the power converting circuit to
increase the output voltage when the voltage across the first
resistor in one of the multiple LED strings is smaller than a
predetermined voltage threshold; the feed-back controlling
circuit controls the power converting circuit to decrease the
output voltage when the voltage across the first resistor in
each LED string is larger than the predetermined voltage
threshold.

[0024] Moreover, the predetermined voltage threshold is
the voltage across the first resistor when the LED string emits
light normally.

[0025] Moreover, no boost circuit exists in the direct type
LED backlight.
[0026] Moreover, the power converting circuit comprises a

primary coil, a secondary coil, a MOS transistor, a rectifying
diode, and a first capacitor; wherein, the primary coil is con-
nected in series to the MOS transistor, one end of the second-
ary coil is connected to the anode of the rectifying diode, the
first capacitor is connected between the cathode of the recti-
fying diode and the other end of the secondary coil, and the
gate of the MOS transistor is connected to the feed-back
controlling circuit.

[0027] Moreover, the feed-back controlling circuit com-
prises: a first comparator, which compares the voltage across
the first resistor of the multiple LED strings with the prede-
termined voltage threshold; a square-wave generator, which
generates a square-wave signal; wherein, output a first level
signal when the voltage across the first resistor of each LED
string is larger than the predetermined voltage threshold;
output a second level signal when the voltage across the first
resistor in one of the multiple LED strings is smaller than the
predetermined voltage threshold; wherein, a square-wave
generator reduces the duty cycle of the square wave signal in
response to the first level signal, the square-wave generator
increases the duty cycle of the square-wave signal in response
to the second level signal.

[0028] Moreover, the square-wave generator comprises: a
second comparator, a triangular-wave generator, a second
resistor, and a second capacitor, wherein, a first input terminal
of the second comparator receives a triangular-wave signal
from the triangular-wave generator, a second input terminal
of the second comparator is connected to an output terminal
of the first comparator, and the second resistor and the second
capacitor connected in series to each other are connected to
the second input terminal of the second comparator.

[0029] Moreover, the first level signal is a low level signal,
and the second level signal is a high level signal.
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[0030] The direct type LED backlight according to the
present invention can avoid using a boost circuit in order to
decrease circuit complexity and save costs.

[0031] Additional aspects and/or advantages of the present
invention are illustrated in the following description, and the
part of the description will also be illustrated or learned by the
embodiment of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] By illustrating the accompanying drawings and the
detailed descriptions as follows, the objects, the features and
the advantages of the present invention will become more
apparent, wherein:

[0033] FIG. 1 is a schematic view illustrating a direct type
LED backlight according to the known technology;

[0034] FIG. 2 is a schematic view illustrating a direct type
LED backlight according to the embodiment of the present
invention;

[0035] FIG. 3 is a schematic view illustrating a direct type
LED backlight according to another embodiment of the
present invention;

[0036] FIG. 41isa schematic view illustrating a power con-
verting circuit and a feed-back controlling circuit of the direct
type LED backlight according to the embodiment of the
present invention; and

[0037] FIG. 5 is a schematic view illustrating a square-
wave generator according to the embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0038] Now, the various exemplary embodiments are fully
described referring to the accompanying drawings, wherein
some of the exemplary embodiments are shown in the accom-
panying drawings.

[0039] FIG. 2 is a schematic view illustrating a direct type
LED backlight according to the embodiment of the present
invention.

[0040] As shown in FIG. 2, a direct type LED backlight
according to the embodiment of the present invention com-
prises: a power converting circuit 210 and multiple LED
strings 230.

[0041] The power converting circuit 210 converts AC volt-
age (such as 110V or 220V) into DC voltage (such as 24 V).
Here, the power converting circuit 210 is an AC-DC convert-
ing circuit used to supply DC voltage to all DC components in
the liquid crystal display.

[0042] The multiple LED strings 230 are provided at the
back of the liquid crystal panel of the liquid crystal display as
a backlight, wherein each LED string comprises multiple
LEDs connected in series and a resistor R. The multiple LED
strings 230 receive the direct current voltage from the power
converting circuit 110. The amount N (N is integer and larger
than zero.) of LEDs in each LED string 230 is defined by the
following an equation:

NxVd<Vs,

wherein, Vd is the light-emitting voltage of each LED, Vs is
the output voltage of the power converting circuit 110.
[0043] Forexample, when Vd is 6.5V and Vs is equal to 24
V, N is less or equal to 3.

[0044] Moreover, when the power converting circuit 110
can output multiple DC voltages (suchas 5V, 12V or 24 V at
the same time), Vs is preferably the maximum DC voltage
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(such as 24 V) within the multiple DC voltages output from
the power conversion circuit 110.

[0045] In addition, the amount of the LEDs in each LED
string is preferably the same.

[0046] Alternatively, each LED string may not comprise
the resistor R.
[0047] FIG. 3 is a schematic view illustrating a direct type

LED backlight according to another embodiment of the
present invention.

[0048] As shown in FIG. 3, the embodiment of the direct
type LED backlight according to the present invention com-
prises: a power converting circuit 210, a feed-back control-
ling circuit 220 and multiple LED strings 230.

[0049] Comparing with the embodiment in FIG. 2, the
embodiment in FIG. 3 further provides a feed-back control-
ling circuit 220. The feed-back controlling circuit 220 con-
trols the output voltage of the power converting circuit 110
according to the feed-back voltage of the LED string to sta-
bilize the power for the LED string.

[0050] The feed-back voltage of the LED string is the volt-
age across the resistor R in each LED string. The feed-back
controlling circuit 220 compares the minimal feed-back volt-
age within the feed-back voltages of the multiple LED strings
230 with the predetermined voltage threshold Va. The prede-
termined voltage threshold Va is the voltage across the resis-
tor R when the LED string emits light normally, which is
provided inside the feed-back controlling circuit 220. When
the minimal feed-back voltage is smaller than the predeter-
mined voltage, the feed-back controlling circuit 220 outputs a
controlling signal to control the power converting circuit 210
to increase the output voltage. When the minimal feed-back
controlling voltage is larger than the predetermined voltage,
the feed-back controlling circuit 220 outputs a controlling
signal to control the power converting circuit 210 to decrease
the output voltage. It can be understood that when the mini-
mal feed-back controlling voltage is equal to the predeter-
mined voltage, the feed-back controlling circuit 220 does not
control the voltage output of the power converting circuit 210
(ex. not output the controlling signal) or controls the power
converting circuit 210 to maintain the present voltage output.

[0051] The AC-DC converting circuit of the present tech-
nology and the feed-back controlling circuit thereof can be
used to realize the power converting circuit 210 and the feed-
back controlling circuit 220 in the prevent invention.

[0052] The power converting circuit 210 and the feed-back
controlling circuit 220 according to one embodiment of the
prevent invention referring to FIG. 4 are as follow.

[0053] FIG. 4 is a schematic view illustrating the power
converting circuit 210 and the feed-back controlling circuit
220 of the direct type LED backlight according to the embodi-
ment of the present invention.

[0054] As shown in FIG. 4, the power converting circuit
210 according to the present invention comprises a primary
coil 211, a secondary coil 212, a metal oxide semiconductor
(MOS) transistor 213, a rectifying diode 214 and a capacitor
215.

[0055] The primary coil 211 and the MOS transistor 213
are connected in series. One end of the secondary coil 212 is
connected to the anode of the rectifying diode 214, and the
capacitor 215 is connected between the cathode of the recti-
fying diode 214 and the other end of the secondary coil 212.
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[0056] By controlling the gate of the MOS transistor 212
connected in series to the primary coil 211, it can control the
intensity of output voltage generated from the power convert-
ing circuit 210.

[0057] The feed-back controlling circuit 220 according to
the present invention comprises a comparator 221 and a
square-wave generator 222.

[0058] The comparator 221 compares the feed-back volt-
age of the multiple LED strings 230 with the predetermined
voltage threshold Va. When the feed-back voltages of the
multiple LED strings 230 are larger than the predetermined
voltage threshold Va, output a first level signal; when one of
the feed-back voltages of the multiple LED strings 230 is
smaller than the predetermined voltage threshold Va, output a
second level signal. The square-wave generator 222 can
reduce the duty cycle of the square wave signal in response to
the first level signal output from the comparator 221, so that
the output voltage of the power converting circuit 210 is
decreased. Moreover, the square-wave generator 222
increases the duty cycle ofthe square-wave signal in response
to the second level signal output from the comparator 221, so
that the output voltage of the power converting circuit 210 is
boosted.

[0059] Itcan be understood that the first level signal can be
alow level signal; the second level signal can be a high level
signal; or the first level signal can be a high level signal; the
second level signal can be a low level signal.

[0060] FIG. 5 is a schematic view illustrating a square-
wave generator 222 according to the embodiment of the
present invention.

[0061] As shown in FIG. 5, the square-wave generator 222
comprises: a comparator 222-1, a triangular-wave generator
222-2, a resistor 222-3, and a capacitor 222-4.

[0062] Wherein, a first input terminal (such as a negative
input terminal) of the comparator 222-1 receives a triangular-
wave signal from the triangular-wave generator 222-2; a sec-
ond input (such as a positive input terminal) of the comparator
222-1 is connected to an output terminal of the comparator
221; and the resistor 222-3 and the capacitor 222-4 connected
in series to each other are connected to the second input
terminal of the comparator 222-1.

[0063] When the comparator 221 outputs the second level
signal with high voltage, the resistor 222-3 and the capacitor
222-4 are charged. The input voltage of the second input
terminal of the comparator 222-1 is gradually increased.
Because the gradually increased input voltage in the com-
parator 222-1 is tangent to the triangular-wave signal output
from the triangular-wave generator 222-2, the comparator
222-1 outputs the square-wave signal with a gradually
increased duty cycle. Meanwhile, the duty cycle of the
square-wave signal is gradually increased, so that the output
voltage of the power converting circuit 210 is gradually
increased accordingly.

[0064] When the comparator 221 outputs the second level
signal with low voltage, the input voltage of the second input
terminal of the comparator 222-1 is gradually decreased.
Because the gradually decreased input voltage in the com-
parator 222-1 is tangent to a triangular-wave signal output
from the triangular-wave generator 222-2, the comparator
222-1 outputs the square-wave signal with a gradually
decreased duty cycle. Meanwhile, the duty cycle of the
square-wave signal is gradually decreased, so that the output
voltage of the power converting circuit 210 is gradually
decreased accordingly.
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[0065] Although FIG. 5 shows the square-wave generator
222 according to an embodiment of the present invention, the
present invention is not limited thereto. We also can use the
square-wave generator with the duty cycle of the other output
square-wave signal.

[0066] The direct type LED backlight according to the
present invention can avoid using the boost circuit in order to
decrease circuit complexity and save costs.

[0067] The present invention referring to the exemplary
embodiment is specifically described and illuminated, but
those having ordinary skills in the art should understand that
it can changed in various forms and details without departing
from the spirit and scope of the claim defined by the present
invention.

What is claimed is:

1. A direct type LED backlight, comprising:

a power converting circuit, which transfers an alternating
current voltage generated from an external liquid crystal
display into direct an current voltage and outputs it;

multiple LED strings connected in parallel, wherein each
LED string comprises a predetermined amount of LED
connected in parallel, which receives a direct current
from the power converting circuit;

wherein, the predetermined amount is limited to that the
direct current voltage of the LED string emitting light
normally is smaller than or equal to the direct current
voltage output from the power converting circuit.

2. The direct type LED backlight as claimed in claim 1,
wherein the predetermined amount of LED is connected in
series to a first resistor within each LED string.

3. The direct type LED backlight as claimed in claim 2,
wherein, it further comprises:

a feed-back controlling circuit, which controls the power
converting circuit to control the intensity of output direct
current voltage according to the voltage across the first
resistor.

4. The direct type LED backlight as claimed in claim 3,
wherein the feed-back controlling circuit controls the power
converting circuit to increase the output voltage when the
voltage across the first resistor in one of the multiple LED
strings is smaller than a predetermined voltage threshold; the
feed-back controlling circuit controls the power converting
circuit to decrease the output voltage when the voltage across
the first resistor in each LED string is larger than the prede-
termined voltage threshold.

5. The direct type LED backlight as claimed in claim 4,
wherein the predetermined voltage threshold is the voltage
across the first resistor when the LED string emits light nor-
mally.

6. The direct type LED backlight as claimed in claim 1,
wherein no boost circuit exists in the direct type LED back-
light.

7. The direct type LED backlight as claimed in claim 3,
wherein the power converting circuit comprises a primary
coil, a secondary coil, a MOS transistor, a rectifying diode,
and a first capacitor; wherein, the primary coil is connected in
series to the MOS transistor, one end of the secondary coil is
connected to the anode of the rectifying diode, the first
capacitor is connected between the cathode of the rectifying
diode and the other end of the secondary coil, and the gate of
the MOS transistor is connected to the feed-back controlling
circuit.

8. The direct type LED backlight as claimed in claim 3,
wherein the feed-back controlling circuit comprises:
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a first comparator, which compares the voltage across the
first resistor of the multiple LED strings with the prede-
termined voltage threshold;

a square-wave generator, which generates a square-wave
signal;

wherein, output a first level signal when the voltage across
the first resistor of each LED string is larger than the
predetermined voltage threshold,

output a second level signal when the voltage across the
first resistor in one of the multiple LED strings is smaller
than the predetermined voltage threshold,

wherein, the square-wave generator reduces the duty cycle
of the square wave signal in response to the first level
signal, the square-wave generator increases the duty
cycleofthe square-wave signal in response to the second
level signal.

9. The direct type LED backlight as claimed in claim 8,
wherein the square-wave generator comprises: a second com-
parator, a triangular-wave generator, a second resistor, and a
second capacitor, wherein, a first input terminal of the second
comparator receives a triangular-wave signal from the trian-
gular-wave generator, a second input terminal of the second
comparator is connected to an output terminal of the first
comparator, and the second resistor and the second capacitor
connected in series to each other are connected to the second
input terminal of the second comparator.

10. The direct type LED backlight as claimed in claim 8,
wherein the first level signal is a low level signal, and the
second level signal is a high level signal.

11. A liquid crystal display, comprising a direct type LED
backlight, wherein, the direct type LED backlight comprises:

a power converting circuit, which transfers an alternating
current voltage generated from an external liquid crystal
display into direct an current voltage and outputs it;

multiple LED strings connected in parallel, wherein each
LED string comprises a predetermined amount of LED
connected in parallel, which receives a direct current
from the power converting circuit; wherein, the prede-
termined amount is limited to that the direct current
voltage of the LED string emitting light normally is
smaller than or equal to the direct current voltage output
from the power converting circuit; wherein the predeter-
mined amount of LED is connected in series to a first
resistor within each LED string;

a feed-back controlling circuit, which controls the power
converting circuit to control the intensity of output direct
current voltage according to the voltage across the first
resistor;

wherein, the feed-back controlling circuit controls the
power converting circuit to increase the output voltage
when the voltage across the first resistor in one of the
multiple LED strings is smaller than a predetermined
voltage threshold; the feed-back controlling circuit con-
trols the power converting circuit to decrease the output
voltage when the voltage across the first resistor in each
LED string is larger than the predetermined voltage
threshold.

12. The liquid crystal display as claimed in claim 11,
wherein the predetermined voltage threshold is the voltage
across the first resistor when the LED string emits light nor-
mally.

13. The liquid crystal display as claimed in claim 11,
wherein no boost circuit exists in the direct type LED back-

light.
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14. The liquid crystal display as claimed in claim 11,
wherein the power converting circuit comprises a primary
coil, a secondary coil, a MOS transistor, a rectifying diode,
and a first capacitor; wherein, the primary coil is connected in
series to the MOS transistor, one end of the secondary coil is
connected to the anode of the rectifying diode, the first
capacitor is connected between the cathode of the rectifying
diode and the other end of the secondary coil, and the gate of
the MOS transistor is connected to the feed-back controlling
circuit.

15. The liquid crystal display as claimed in claim 11,
wherein the feed-back controlling circuit comprises:

a first comparator, which compares the voltage across the
first resistor of the multiple LED strings with the prede-
termined voltage threshold,

a square-wave generator, which generates a square-wave
signal;

wherein, output a first level signal when the voltage across
the first resistor of each LED string is larger than the
predetermined voltage threshold,;

Jun. 19,2014

output a second level signal when the voltage across the
first resistor in one of the multiple LED strings is smaller
than the predetermined voltage threshold;

wherein, the square-wave generator reduces the duty cycle

of the square wave signal in response to the first level
signal, the square-wave generator increases the duty
cycleofthe square-wave signal in response to the second
level signal.

16. The liquid crystal display as claimed in claim 15,
wherein the square-wave generator comprises: a second com-
parator, a triangular-wave generator, a second resistor, and a
second capacitor, wherein, a first input terminal of the second
comparator receives a triangular-wave signal from the trian-
gular-wave generator, a second input terminal of the second
comparator is connected to an output terminal of the first
comparator, and the second resistor and the second capacitor
connected in series to each other are connected to the second
input terminal of the second comparator.

17. The liquid crystal display as claimed in claim 15,
wherein the first level signal is a low level signal, and the
second level signal is a high level signal.
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