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(57) ABSTRACT

The present invention provides a liquid crystal display device
having an LED drive circuit which can control a dimming
control signal even with a pulse width of several tens psec or
less. The LED drive circuit includes a booster circuit, a first
stage current mirror circuit generating a reference current, a
second stage current mirror circuit generating a driving cur-
rent from the reference current, a light-emitting diode column
having a light-emitting diode supplied with the driving cur-
rent, and a dimming control circuit controlling the turning on
and off of the light-emitting diode based on a dimming con-
trol signal.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2008-13281 filed on Jan. 24, 2008, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device and particularly to a drive circuit for a white
light-emitting diode constituting the light source of a back-

light.
[0004] 2. Description of the Related Art
[0005] A liquid crystal display device generally includes a

liquid crystal display panel and a backlight irradiating the
liquid crystal display panel with light. A liquid crystal display
device used as a display part of a mobile device such as a
mobile phone includes a white light-emitting diode as the
light source of a backlight.

[0006] As an LED drive circuit for the white light-emitting
diode, an LED drive circuit having a dimming control func-
tion with a dimming control signal PWM has been known.
[0007] FIG. 5 is a circuit diagram showing a circuit con-
figuration of a conventional LED drive circuit, showing an
example of the LED drive circuit having the dimming control
function with the dimming control signal PWM.

[0008] The LED drive circuit shown in FIG. 5 includes a
booster circuit 1, a white light-emitting diode column 35
formed of one or two or more white light-emitting diodes
LED connected in series with one another, and a resistance
element 2 setting a current flowing in the white light-emitting
diode column 5.

[0009] A voltage generated across the resistance element 2
is input to the booster circuit 1 as a control voltage VCONT.
Based on the output voltage of an operational amplifier OP
which outputs the difference voltage between the control
voltage VCONT and a reference voltage Vref, an internal
control circuit 10 boosts an input voltage Vin to generate an
output voltage Vout so that the control voltage VCONT
becomes a constant voltage.

[0010] The output voltage Vout of the booster circuit 1 is
applied to the white light-emitting diode column 5. In this
case, since the control voltage VCONT applied to the resis-
tance element 2 is controlled so as to become constant, the
current flowing to the white light-emitting diode column 5 is
set based on the control voltage VCONT applied to the resis-
tance element 2 and the resistance value of the resistance
element 2.

[0011] In the LED circuit, the boosting operation of the
booster circuit 1 is ON/OFF controlled with the dimming
control signal PWM, whereby the turning on and off of the
white light-emitting diode column 5 is controlled.

SUMMARY OF THE INVENTION

[0012] A liquid crystal display device includes a liquid
crystal display panel, a backlight disposed at the back of the
liquid crystal display panel, the backlight having a white
light-emitting diode as a light source, and an LED drive
circuit driving the white light-emitting diode. The LED drive
circuit includes a booster circuit outputting a boosting voltage
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so that a control voltage input thereto becomes a constant
voltage, a resistance circuit generating a control voltage to be
input to the booster circuit, a first stage current mirror circuit
having an input side transistor supplied with a current flowing
through the resistance circuit and an output side transistor
through which a reference current proportional to a current
flowing to the input side transistor flows, a second stage
current mirror circuit having an input side transistor supplied
with the reference current and an output side transistor
through which a driving current proportional to a current
flowing to the input side transistor flows, a light-emitting
diode column having at least one light-emitting diode sup-
plied with the driving current, and a dimming control circuit
bypassing the reference current supplied to the input side
transistor of the second stage current mirror circuit and con-
trolling the turning on and off of the light-emitting diode
column based on a dimming control signal input to the dim-
ming control circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a block diagram showing a schematic
configuration of a liquid crystal display device according to
Embodiment 1 of the invention;

[0014] FIG. 2 is a circuit diagram showing a circuit con-
figuration of an LED drive circuit according to Embodiment
1 of the invention;

[0015] FIG. 3 is a circuit diagram showing a circuit con-
figuration of an LED drive circuit according to Embodiment
2 of the invention;

[0016] FIG. 4 is a circuit diagram showing a circuit con-
figuration of an LED drive circuit according to Embodiment
3 of the invention; and

[0017] FIG. 5 is a circuit diagram showing a circuit con-
figuration of a conventional LED drive circuit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0018] In the circuit configuration shown in FIG. 5
described above, since the boosting operation itself of the
booster circuit 1 is ON/OFF controlled, the response time is
limited, resulting in a problem that the control of the dimming
control signal PWM with a pulse width of several tens psec or
less cannot be realized.

[0019] Theinvention has been made to solve the problem in
the related art, and it is an object of the invention to provide a
liquid crystal display device having an LED drive circuit
which can control the dimming control signal even with a
pulse width of several tens psec or less.

[0020] The above and other objects and novel features of
the invention will become apparent from the description of
this specification and the accompanying drawings.

[0021] A typical outline of the invention disclosed herein
will be described below.

[0022] (1) A liquid crystal display device includes a liquid
crystal display panel, a backlight disposed at the back of the
liquid crystal display panel, the backlight having a white
light-emitting diode as a light source, and an LED drive
circuit driving the white light-emitting diode. The LED drive
circuitincludes a booster circuit outputting a boosting voltage
so that a control voltage input thereto becomes a constant
voltage, a resistance circuit generating a control voltage to be
input to the booster circuit, a first stage current mirror circuit
having an input side transistor supplied with a current flowing
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through the resistance circuit and an output side transistor
through which a reference current proportional to a current
flowing to the input side transistor flows, a second stage
current mirror circuit having an input side transistor supplied
with the reference current and an output side transistor
through which a driving current proportional to a current
flowing to the input side transistor flows, a light-emitting
diode column having at least one light-emitting diode sup-
plied with the driving current, and a dimming control circuit
bypassing the reference current supplied to the input side
transistor of the second stage current mirror circuit and con-
trolling the turning on and off of the light-emitting diode
column based on a dimming control signal input to the dim-
ming control circuit.

[0023] (2) In(1), the second stage current mirror circuit has
the output side transistor in plural, and the driving current
flowing to each of the plural output side transistors of the
second stage current mirror circuit is supplied to the light-
emitting diode column.

[0024] (3) In (1), the liquid crystal display device has the
light-emitting diode column in plural, the second stage cur-
rent mirror circuit has the output side transistor in plural, and
the driving current flowing to each of the plural output side
transistors of the second stage current mirror circuit is sup-
plied to each of the plural light-emitting diode columns.
[0025] A typical effect obtained by the invention disclosed
herein will be described below.

[0026] According to the invention, it is possible to provide
a liquid crystal display device having an LED drive circuit
which can control the dimming control signal even with a
pulse width of several tens psec or less.

[0027] Hereinafter, embodiments of the invention will be
described in detail with reference to the drawings.

[0028] Throughout the drawings for describing the
embodiments, identical symbols are assigned to portions hav-
ing the same functions, and they shall not be repeatedly
explained.

Embodiment 1

[0029] FIG. 1 is a block diagram showing a schematic
configuration of a liquid crystal display device according to
Embodiment 1 of the invention.

[0030] The liquid crystal display device according to
Embodiment 1 includes a liquid crystal display panel and a
backlight BL disposed at the back of the liquid crystal display
panel.

[0031] The liquid crystal display device according to
Embodiment 1 has the liquid crystal display panel and the
direct type backlight BL. The liquid crystal display panel has
a first substrate SUBI and a second substrate SUB2. The first
substrate SUBI is formed with a thin film transistor, a pixel
electrode, and the like, while the second substrate SUB2 is
formed with a light shielding film, a color filter, and the like.
A counter electrode is formed at the first substrate SUBI1
when the liquid crystal display panel is of the lateral electric
field type such as an IPS type, while the counter electrode is
formed at the second substrate SUB2 when the liquid crystal
display panel is of the vertical electric field type such as a VA
type.

[0032] The liquid crystal display panel is formed by bond-
ing the first substrate SUB1 and the second substrate SUB2
together via a sealing material and injecting and sealing liquid
crystal between the first substrate SUB1 and the second sub-
strate SUB2. A polarizer (not illustrated) is disposed at both
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outsides of the first substrate SUB1 and the second substrate
SUB2. The invention is not directly related to the structure of
the liquid crystal display panel, and therefore the structure of
the liquid crystal display panel is omitted.

[0033] A video line drive circuit DRD is disposed on the
first substrate SUB1 along one long side, while a scanning
line drive circuit DRG is disposed on the first substrate SUB1
along one short side.

[0034] The video line drive circuit DRD and the scanning
line drive circuit DRG are controlled and driven by a display
control circuit (timing controller) 30.

[0035] InFIG.1, although the video line drive circuit DRD
and the scanning line drive circuit DRG have been described
as each being composed of a separate semiconductor chip
(two semiconductor chips), the video line drive circuit DRD
and the scanning line drive circuit DRG may be composed of
one semiconductor chip.

[0036] The backlight BL has a white light-emitting diode
(not illustrated) as a light source, and the white light-emitting
diode is driven by an LED drive circuit 50. A dimming control
signal PWM is input from the display control circuit 30 to the
LED drive circuit 50. The dimming control signal PWM may
be input from outside to the LED drive circuit 50. The white
light-emitting diode may be obtained by combining a blue
light-emitting diode with a yellow phosphor.

[0037] FIG. 2 is a circuit diagram showing a circuit con-
figuration of the LED drive circuit 50 according to Embodi-
ment | of the invention.

[0038] The LED drive circuit 50 according to Embodiment
1 includes a booster circuit 1, a resistance element 2 generat-
ing a control voltage VCONT for controlling an output volt-
age Vout of the booster circuit 1, a white light-emitting diode
column 5 formed of one or two or more white light-emitting
diodes connected in series with one another, a first stage
current mirror circuit 3 for generating a reference current
from a current flowing to the resistance element 2, a second
stage current mirror circuit 4 for generating a driving current
for the white light-emitting diode column 5 from the refer-
ence current, and a dimming control circuit 6 controlling the
turning on and off of the white light-emitting diode column 5
by bypassing the reference current flowing to the second stage
current mirror circuit 4.

[0039] The booster circuit 1 boosts an input voltage Vin to
generate the output voltage Vout with an internal control
circuit 10 so that the control voltage VCONT input thereto
becomes a constant voltage. The circuit can be easily formed
by utilizing an IC for DC-DC converter, an LED driver IC
having a boosting function, or the like.

[0040] Since a voltage generated across the resistance ele-
ment 2 is applied to the booster circuit 1 as the control voltage
VCONT, the operation of the booster circuit 1is controlled so
that the control voltage VCONT becomes constant.

[0041] As a result, a current flowing to the resistance ele-
ment 2 is determined based on the resistance value of the
resistance element 2 and the control voltage VCONT applied
across the resistance element 2. The current is utilized as the
reference current.

[0042] The first stage current mirror circuit 3 has two PNP
bipolar transistors of an input side transistor TR1 and an
output side transistor TR2 and resistance elements R1 and R2
respectively connected between the emitters of the transistors
TR1 and TR2 and the output voltage Vout and has a mirror
ratio which is the ratio between the resistance values of the
resistance elements R1 and R2. The first stage current mirror
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circuit 3 extracts the reference current with the mirror ratio
and flows the current to the second stage current mirror circuit
4.

[0043] The second stage current mirror circuit 4 also has
two NPN bipolar transistors of an input side transistor TR3
and an output side transistor TR4 and ground resistances R3
and R4 respectively connected to the emitters of the transis-
tors TR3 and TR4 and has a mirror ratio which is the ratio
between the resistance values of the resistance elements R3
and R4. The second stage current mirror circuit 4 generates a
required LED driving current with the mirror ratio and flows
the current to the white light-emitting diode column 5. With
this operation, the driving current flows to each of the white
light-emitting diodes of the white light-emitting diode col-
umn 5, whereby each of the white light-emitting diodes of the
white light-emitting diode column 5 emits light.

[0044] The white light-emitting diode column 5 connected
between the second stage current mirror circuit 4 and the
output voltage Vout has four white light-emitting diodes con-
nected in series with one another in the example shown in
FIG. 2. However, the number of diodes may be appropriately
increased and decreased as needed but at least one.

[0045] The dimming control circuit 6 has an NPN bipolar
transistor TRS which is turned ON when the dimming control
signal PWM is at a High level and turned OFF when the
dimming control signal PWM is at a Low level and an NPN
bipolar transistor TR6 which is turned OFF when the transis-
tor TRS is turned ON and turned ON when the transistor TRS
is turned OFF.

[0046] Accordingly, the dimming control circuit 6 operates
nothing when the dimming control signal PWM is at a High
level, and each of the white light-emitting diodes of the white
light-emitting diode column 5 emits light due to the above-
described operation. When the dimming control signal PWM
is at a Low level, the dimming control circuit 6 bypasses a
current flowing to the second stage current mirror circuit 4
and flows the current to the transistor TR6. With this opera-
tion, a current flowing to the white light-emitting diode col-
umn 5 is also stopped, whereby each of the white light-
emitting diodes of the white light-emitting diode column 5 is
turned off.

[0047] Although a bipolar transistor is used in the dimming
control circuit 6 in the example of FIG. 2, a field-effect
transistor may be used, and various switching means are
applicable.

Embodiment 2

[0048] FIG. 3 is a circuit diagram showing a circuit con-
figuration of the LED drive circuit 50 according to Embodi-
ment 2 of the invention.

[0049] The LED drive circuit 50 according to Embodiment
2 is obtained by making an adjustment for practical use such
as securing a margin for power consumption to the LED drive
circuit 50 according to Embodiment 1.

[0050] The LED drive circuit 50 according to Embodiment
2is different from the LED drive circuit 50 shown in FIG. 2 in
that resistance elements 71, 72, and 73 are added, and that the
transistor and resistance element driving the white light-emit-
ting diode column 5 are arranged as a parallel circuit with two
systems of the NPN bipolar transistor TR4 and an NPN bipo-
lar transistor TR7 and the resistance element R4 and a resis-
tance element R5 in the second stage current mirror circuit 4.
[0051] Although the operation of the LED drive circuit 50
according to Embodiment 2 is similar to that of the LED drive
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circuit 50 shown in FIG. 2, the resistance elements 71 and 72
bear power consumption instead of the transistors TR1 and
TR2 in the current mirror circuit 3. The resistance element 73
also bears power consumption instead of the transistors TR4
and TR7 in the second stage current mirror circuit 4.

[0052] The parallel arrangement of the transistors TR4 and
TR7 and the resistance elements R4 and R5 in the current
mirror circuit 4 is also for the purpose of reducing power
consumption per system thereby to avoid the failure of the
elements.

[0053] In the current mirror circuit 4, the parallel arrange-
ment of transistors and resistors is not limited to two systems.
The number of systems can be increased depending on the
amount of power consumption.

Embodiment 3

[0054] FIG. 4 is a circuit diagram showing a circuit con-
figuration of the LED drive circuit 50 according to Embodi-
ment 3 of the invention.

[0055] The LED drive circuit 50 according to Embodiment
3 is different from the LED drive circuit 50 shown in FIG. 2 in
that the white light-emitting diode column 5 is arranged as a
parallel circuit with two systems of white light-emitting diode
columns 5a and 55, and that the transistors and resistors are
arranged as a parallel circuit with two systems of the NPN
bipolar transistors TR4 and TR7 and the resistance elements
R4 and RS for driving the two systems of the white light-
emitting diode columns 5a and 55.

[0056] Although the operation of the LED drive circuit 50
according to Embodiment 3 is similar to that of the LED drive
circuit 50 shown in FIG. 2, in the current mirror circuit 4, the
transistor TR4 and the resistance element R4 drive the white
light-emitting diode column 5a, and the transistor TRS and
the resistance element R5 drive the white light-emitting diode
column 54.

[0057] In the current mirror circuit 4, the parallel arrange-
ment of the white light-emitting diode columns, transistors,
and resistor elements is not limited to two systems. The num-
ber of systems can be appropriately increased.

[0058] Further, the number of white light-emitting diodes
of the white light-emitting diode columns 5a and 56 may be
less than that of the white light-emitting diode column 5 in
FIG. 1.

[0059] As described above, according to Embodiment 3,
only the second stage current mirror circuit is ON/OFF con-
trolled in the dimming control with the dimming control
signal PWM, while the booster circuit itself remains in the
operating state. Therefore, the response time depends on the
transistor in the current mirror circuit, whereby it is possible
to control a pulse width of about 1 psec.

[0060] Further, since a commercially available LED driver
IC, IC for booster circuit, or the like can be used for the
booster circuit 1, the circuit can be formed at low cost.
[0061] Although the invention made by the present inventor
has been specifically described based on Embodiments 1 to 3,
the invention is not limited thereto and can be changed in
various ways within a range not departing from the gist of the
invention.

What is claimed is:

1. A liquid crystal display device comprising:

a liquid crystal display panel;

abacklight disposed at the back of the liquid crystal display
panel,
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the backlight having a white light-emitting diode as a light
source; and

an LED drive circuit driving the white light-emitting diode,
wherein

the LED drive circuit includes a booster circuit outputting
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a dimming control circuit bypassing the reference current
supplied to the input side transistor of the second stage
current mirror circuit and controlling the turning on and
off of the light-emitting diode column based on a dim-
ming control signal input to the dimming control circuit.

2. The liquid crystal display device according to claim 1,
wherein the second stage current mirror circuit has the output
side transistor in plural, and

the driving current flowing to each of the plural output side

transistors of the second stage current mirror circuit is
supplied to the light-emitting diode column.

3. The liquid crystal display device according to claim 1,
wherein the backlight having plural light-emitting diode col-
umn,

the second stage current mirror circuit has the output side

transistor in plural, and

the driving current flowing to each of the plural output side

transistors of the second stage current mirror circuit is
supplied to each of the plural light-emitting diode
columns.

a boosting voltage so that a control voltage becomes a
constant voltage,

a resistance circuit generating the control voltage to be
input to the booster circuit,

a first stage current mirror circuit having an input side
transistor supplied with a current flowing through the
resistance circuit and an output side transistor through
which a reference current proportional to a current flow-
ing to the input side transistor flows,

a second stage current mirror circuit having an input side
transistor supplied with the reference current and an
output side transistor through which a driving current
proportional to a current flowing to the input side tran-
sistor flows,

a light-emitting diode column having a light-emitting
diode supplied with the driving current, and
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