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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF DRIVING THE SAME

[0001] The invention claims the benefit of Korean Patent
Application No. 2006-0060919 filed in Korea on Jun. 30,
2006, which is hereby incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Embodiments of the invention relates to a display
device, and more particularly, to a liquid crystal display
device and a method of driving the same. Although embodi-
ments of the invention are suitable for a wide scope of
applications, they are particularly suitable for obtaining a
liquid crystal display device having a backlight unit that
automatically adjusts according to ambient brightness and a
method of driving the same.

[0004] 2. Discussion of the Related Art

[0005] Recently, a display device has become thinner with
larger display area as an industrial utilization increases.
Among the various types of flat panel display (“FPD”)
devices, liquid crystal display (“LCD”) devices and plasma
display panel (“PDP”) devices are widely used.

[0006] A PDP device is an self-emissive type display
device where light is emitted from plasma of fluorescent
materials in a sidewall between two substrates according to
an applied voltage. In contrast, an LCD device is a non-
emissive type display device where images are displayed by
adjusting light from a backlight unit with a liquid crystal
layer as a shutter. Since grey levels are displayed by a digital
voltage in a PDP device, the PDP device has a disadvantage
in displaying natural images. On the contrary, since an
analog voltage is applied to both sides of a liquid crystal
layer in an LCD device, the LCD device displays a natural
image as compared with a PDP device.

[0007] Among LCD devices, an active matrix liquid crys-
tal display (“AMLCD”) device is widely used. In an
AMLCD device, a thin film transistor (“TFT”) is connected
to a pixel and adjusts a voltage level of the pixel as a
switching element to change light transmittance of the pixel
and display images.

[0008] FIG. 1 is a block diagram showing a liquid crystal
display device according to the related art. In F1G. 1, aliquid
crystal display (“LCD”) device includes a liquid crystal
panel 1, a gate driver 4, a data driver 6, a timing controller
7, a backlight unit 8 and a source voltage generator 9. The
liquid crystal panel 1 includes a plurality of thin film
transistors (not shown) disposed in a matrix thereon. The
gate driver 4 controls input of a data signal into the liquid
crystal panel 1, and the data driver 6 inputs the data signal
to the liquid crystal panel 1. The timing controller 7 controls
a timing of the gate driver 4 and the data driver 6.

[0009] The backlight unit 8 is disposed under and supplies
light to the liquid crystal panel 1. Further, the backlight unit
8 includes a backlight lamp 8a emitting light and a backlight
driver 85 controlling the backlight lamp 8a. The source
voltage generator 9 supplies source voltages to the gate
driver 4, the data driver 6, the timing controller 7 and the
backlight unit 8. The source voltage generator 9 is formed on
a printed circuit board (“PCB”). Although not shown, the
backlight lamp 8a includes one of at least one fluorescent
lamp and a plurality of light emitting diodes (“LEDs”).
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[0010] Each of the thin film transistors (“TFTs”) uses
hydrogenated amorphous silicon (“a-Si:H”) in a semicon-
ductor layer. Hydrogenated amorphous silicon yields higher
productivity while easily fabricated on a large sized sub-
strate. In addition, since hydrogenated amorphous silicon is
deposited at a temperature less than about 350° C., a glass
substrate of low cost can be used. Accordingly, hydroge-
nated amorphous silicon is used mainly in a TFT, which is
referred to as an amorphous silicon thin film transistor (“a-Si
TET™).

[0011] However, since hydrogenated amorphous silicon
has a disordered atomic arrangement, weak silicon-silicon
(“Si—S1”) bonds and dangling bonds exist in hydrogenated
amorphous silicon. These types of bonds become metastable
when light or an electric field is applied to hydrogenated
amorphous silicon. As a result, such metastability makes the
TFT unstable. Specifically, electric characteristics of hydro-
genated amorphous silicon are degraded due to light irra-
diation. Furthermore, a TFT using hydrogenated amorphous
silicon is difficult to be implemented in a driving circuit due
to degraded electric characteristics such as a low field effect
mobility between about 0.1 em*Vsec to about 1.0 cm?®
Vsec, and poor reliability.

[0012] Accordingly, the substrate including a-Si TFTs is
connected to a printed circuit board (“PCB”) using a tape
carrier package (“TCP”) that has a driving integrated circuit
(“IC”). The driving IC and its packaging increase production
cost of the LCD device. Additionally, as the resolution of a
liquid crystal panel for an LCD device increases, a pad pitch
between gate pads or between data pads of the substrate
including the a-Si TFT becomes smaller. Thus, bonding
between the TCP and the substrate including the a-Si TFT
becomes harder.

[0013] To solve these problems, a polycrystalline silicon
thin film transistor (“p-Si TFT”) is suggested. Due to a
higher field effect mobility of a p-Si TFT as compared to an
a-S1 TFT, a driving circuit can be integrated on a substrate
including the p-Si TFT, such that a driving element and a
switching element are simultaneously formed. Accordingly,
the TCP is not needed and the production cost is reduced.
Moreover, a driving system may be integrated in the liquid
crystal panel, and an LCD device where a driving system is
integrated in a liquid crystal panel may be referred to a
system on panel (“SOP”) type LCD device.

[0014] FIG. 2 is a block diagram showing a liquid crystal
display device using a polycrystalline silicon thin film
transistor according to the related art. In FIG. 2, a liquid
crystal display (“LCD”) device includes a liquid crystal
panel 10 having a liquid crystal layer interposed between
two substrates. The liquid crystal panel 10 includes a display
area 12 for displaying images and a non-display area 13
defined therein. A gate line “GL” and a data line “DL”
crossing each other are formed in the display area 12. In
addition, a thin film transistor (“TFT”) “T” is connected to
the gate line “GL” and the data line “DL.”

[0015] A gate driver 14 and a data driver 16 are formed in
the non-display area 13. The gate driver 14 and the data
driver 16 respectively receive a gate signal and a data signal
from an exterior system (not shown) and control the TFT
“T” in the display area 12 through the gate line “GL” and the
data line “DL,” thereby changing light transmittance of the
liquid crystal layer. Even though not shown in FIG. 2, a
timing controller and a source voltage generator are formed
on a printed circuit board (“PCB) and connected to the liquid
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crystal panel 10. Moreover, a backlight unit is disposed
under the liquid crystal panel 10.

[0016] Since a backlight unit of an LCD device emits light
of constant intensity, a display quality of the LCD device is
deteriorated according to ambient brightness. When the
backlight unit emits light of relatively low intensity, images
displayed in the LCD device are rarely recognized under a
circumstance of high ambient brightness. In addition, when
the backlight unit emits light of relatively high intensity,
power is wasted under a circumstance of low ambient
brightness because light of relatively low intensity is enough
to display recognizable images.

SUMMARY OF THE INVENTION

[0017] Accordingly, embodiments of the invention is
directed to a liquid crystal display device and a method of
driving the same that substantially obviate one or more of
the problems due to limitations and disadvantages of the
related art.

[0018] An object of embodiments of the invention is to
provide a liquid crystal display device including a backlight
unit automatically adjusted according to ambient brightness
and a method of driving the same.

[0019] Another object of embodiments of the invention is
to provide a liquid crystal display device that has improved
display brightness and contrast ratio under a bright ambient
luminance and a method of driving the same.

[0020] Another object of embodiments of the invention is
to provide a liquid crystal display device that reduces power
consumption under a dark ambient luminance and a method
of driving the same.

[0021] Additional features and advantages of embodi-
ments of the invention will be set forth in the description
which follows, and in part will be apparent from the descrip-
tion, or may be learned by practice of embodiments of the
invention. The objectives and other advantages of the
embodiments of the invention will be realized and attained
by the structure particularly pointed out in the written
description and claims hereof as well as the appended
drawings.

[0022] To achieve these and other advantages and in
accordance with the purpose of embodiments of the inven-
tion, as embodied and broadly described, a liquid crystal
display device includes a liquid crystal panel, a backlight
unit supplying light to the liquid crystal panel, a photo
sensor detecting a brightness of ambient surrounding the
liquid crystal panel and generating a sense signal, and a
signal processor adjusting a luminance of the light supplied
by the backlight unit according to the sense signal.

[0023] In another aspect, a method of driving a liquid
crystal display device includes detecting a brightness of
ambient surrounding a liquid crystal panel and generating a
current type sense signal, converting the current type sense
signal into a voltage type sense signal, and adjusting a
brightness of a light supplied to the liquid crystal panel
according to the voltage type sense signal.

[0024] 1t is to be understood that both the foregoing
general description and the following detailed description
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are exemplary and explanatory and are intended to provide
further explanation of embodiments of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are included
to provide a further understanding of embodiments of the
invention and are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and
together with the description serve to explain the principles
of embodiments of the invention. In the drawings:

[0026] FIG. 1 is a block diagram showing a liquid crystal
display device according to the related art;

[0027] FIG. 2 is a block diagram showing a liquid crystal
display device using a polycrystalline silicon thin film
transistor according to the related art;

[0028] FIG. 3 is a schematic block diagram showing a
liquid crystal display device according to an embodiment of
the invention; and

[0029] FIGS. 4A, 4B and 4C are schematic circuit dia-
grams respectively showing a sensor controller of a liquid
crystal display device according to embodiments of the
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0030] Reference will now be made in detail to the pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings.

[0031] FIG. 3 is a schematic block diagram showing a
liquid crystal display device according to an embodiment of
the invention. In FIG. 3, a liquid crystal display (“LCD”)
device includes a liquid crystal panel 100 and a backlight
unit 180. The liquid crystal panel 100 includes first and
second substrates (not shown) and a liquid crystal layer
between the first and second substrates. A display area 120
and a non-display area 130 at a periphery of the display area
120 are defined in the liquid crystal panel 100. A gate line
“GL” and a data line “DL” crossing each other are formed
in the display area 102 on the first substrate, and a thin film
transistor “T” is connected to the gate line “GL” and the data
line “DL.” In addition, a gate driver 140, a data driver 160,
a photo sensor 150, a sensor controller 157 and a signal
processor 170 are formed in the non-display area 130 on the
first substrate. The gate driver 140 controls input of a data
signal into the TFT “T” using a gate signal from an external
system, and the data driver 160 inputs the data signal to the
TFT “T.”

[0032] The backlight unit 180 including a backlight lamp
180a and a backlight driver 1805 is disposed under and
supplies light to the liquid crystal panel 100. The backlight
lamp 1804 emits the light and the backlight driver 1805
controls the backlight lamp 180a. The backlight lamp 180a
may include one of at least one fluorescent lamp and a
plurality of light emitting diodes (LEDs). Although not
shown in FIG. 3, the LCD device further includes a timing
controller controlling a timing of the gate driver 140 and the
data driver 160 and a source voltage generator supplying
source voltages to the timing controller, the gate driver 140,
the data driver and the backlight unit 180. The timing
controller and the source voltage generator may be formed
on a printed circuit board (PCB) including the external
system.
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[0033] The photo sensor 150 may be disposed at one of the
display area 120, the non-display area 130 and a boarder
portion of the display area 120 and the non-display area 130.
The photo sensor 150 detects ambient brightness and gen-
erates a sense signal corresponding to the ambient bright-
ness. For example, the photo sensor 150 may include one of
a photo diode and a photo transistor where a portion sensing
light is formed of amorphous silicon and the other portion is
formed of polycrystalline silicon. The sensor controller 157
connected between the photo sensor 150 and the signal
processor 170 converts a current type of the sense signal into
a voltage type. Subsequently, the signal processor 170
connected to the sensor controller 157 converts the sense
signal into a control signal. In addition, the signal processor
170 is connected to the backlight driver 1805 of the back-
light unit 180. Thus, the backlight driver 1805 generates
driving signals for the backlight lamp 180« in accordance
with the control signal generated by the signal processor
170.

[0034] In the LCD device according to an embodiment of
the invention, the photo sensor 150, the sensor controller
157 and the signal processor 170 may be formed through the
same fabrication process as the TFT “T.” Further, the sensor
controller 157 and the signal processor 170 may include
TFTs of polycrystalline silicon.

[0035] An exemplary operation of the LCD device accord-
ing to an embodiment of the invention will be illustrated
hereinafter. The liquid crystal panel 100 displays images by
changing light transmittance of the liquid crystal layer due
to the switching operation of the TFT “T.” The gate driver
140 receives a gate control signal from the timing controller
(not shown) and generates a gate signal. The gate signal is
transmitted to the TFT through the gate line “GL.” The data
driver 160 receives a data control signal and an image signal
of a digital type, and converts the image signal of a digital
type into a data signal of an analog type. The data signal is
transmitted to the TFT through the data line “DL.”

[0036] The photo sensor 150 detects brightness and lumi-
nance of environment, i.e., ambient brightness of the liquid
crystal panel 100, and generates a sense signal of a current
type corresponding to the brightness and the luminance of
environment. The sense signal having a current analog type
then is transmitted to the sensor controller 157. The sensor
controller 157 converts the current analog type sense signal
into a voltage analog type sense signal, and the voltage
analog type sense signal then is transmitted to the signal
processor 170. The signal processor 170 converts the voltage
analog type sense signal into a voltage digital type sense
signal. In addition, the signal processor 170 outputs a control
signal according to the voltage digital type sense signal, and
the control signal is transmitted to the backlight driver 1805
of the backlight unit 180.

[0037] The backlight driver 1805 adjusts luminance of the
backlight lamp 180a according to the control signal, and the
backlight lamp 1804 emits adjusted light to the liquid crystal
panel 100. As a result, the TFT “T” is turned on/off accord-
ing to the gate signal from the gate driver 140 and the data
signal from the data driver 160, and the light transmittance
of the liquid crystal layer is changed according to the data
signal, thereby displaying images. When the ambient bright-
ness is higher than a reference brightness, the backlight
driver 1805 supplies a high level voltage to the backlight
lamp 180a and the backlight lamp 180a emits light of a high
level luminance. Accordingly, deterioration of the LCD
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device in brightness and contrast ratio due to the high level
ambient brightness is prevented. In addition, when the
ambient brightness is lower than the reference brightness,
the backlight driver 1805 supplies a low level voltage to the
backlight lamp 180a and the backlight lamp 180a emits light
of a low level luminance. Accordingly, unnecessary power
consumption under a circumstance of the low level ambient
brightness is prevented.

[0038] FIGS. 4A, 4B and 4C are schematic circuit dia-
grams respectively showing a sensor controller of a liquid
crystal display device according to embodiments of the
invention. In FIGS. 4A, 4B and 4C, a photo diode “D” is
shown representing the photo sensor 150 in FIG. 3.

[0039] InFIG.dA, asensor controller includes first to fifth
thin film transistors (TFTs) “T1” to “TS5,” and an enable
signal, a variable signal, and a ground signal are supplied to
the sensor controller. The first TFT “T1” transmits the enable
signal to a node “N.” The photo diode “D” adjusts a current
passing through the node “N” according to ambient bright-
ness of a liquid crystal panel, thereby adjusting a node
voltage of the node “N.” The second and third TFTs “T2”
and “T3” are turned on/off according to the node voltage of
the node “N,” and the sensor controller outputs the enable
signal when the third TFT “T3” is turned on. The fourth and
fifth TFTs “T4” and “T5” function as a variable element,
such as a variable resistor. Although not shown, a single TFT
may be substituted for the fourth and fifth TFTs “T4” and
“T5.”

[0040] The first to third TFTs “T1” to “T3” are positive (P)
type transistors, and the fourth and fifth TFTs “T4” and “T5”
are negative (N) type transistors. In addition, each of the first
to fifth TFTs “T1” to “T5” has a gate electrode, a source
electrode and a drain electrode. The gate and source elec-
trodes of the first TFT “T1” are connected to an enable signal
input terminal “EN,” and the drain electrode of the first TFT
“T1” is connected to the node “N.” The gate and drain
electrodes of the second TFT “I2” are connected to the node
“N,” and the source electrode of the second TFT “T2” is
connected to the enable signal input terminal “EN.” The gate
electrode of the third TFT “T3” is connected to the node
“N,” the source electrode of the third TET “T3” is connected
to the enable signal input terminal “EN,” and the drain
electrode of the third TFT “T3” is connected to an output
terminal “Vout™ of the sensor controller.

[0041] The gate electrode of the fourth TFT “T4” is
connected to a variable signal input terminal “VBIAS,” and
the drain electrode of the fourth TFT “T4” is connected to
the output terminal “Vout.” The gate electrode of the fifth
TFT “T5” is connected to the variable signal input terminal
“VBIAS,” the drain electrode of the fifth TFT “T5” is
connected to a ground terminal “VSS,” and the drain elec-
trode of the fifth TFT “T5” connected to the source electrode
of the fourth TFT “T4.” The photo diode “D” as a photo
sensor 150 (of FIG. 3) has an anode connected to the ground
terminal “VSS” and a cathode connected to the node “N.”
[0042] An operation of a sensor controller of an LCD
device according to an embodiment of the invention will be
illustrated hereinafter. When the enable signal of a high level
voltage is applied to the sensor controller 157 (of FIG. 3) and
light is irradiated on the photo diode “D.” Current flowing
from the anode to the cathode is generated in the photo diode
“D,” and a node voltage of the node “N” is reduced because
the node “N” is electrically short-circuited to the ground
terminal “VSS” due to the current generated in the photo
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diode “D.” Since the reduced node voltage of the node “N”
is applied to the gate electrodes of the second and third TFTs
“T2” and “T3,” the second and third TFTs “T2” and “T3” are
turned on when the reduced node voltage of the node “N” is
lower than a threshold voltage of the second and third TFTs
“T2” and “T3.” As aresult, an output voltage corresponding
to the reduced node voltage of the node “N” is outputted
through the output terminal “Vout” of the sensor controller.
Since the output voltage corresponds to the reduced node
voltage and the reduced node voltage corresponds to the
current generated in the photo diode “D,” the output voltage
corresponding to the current generated in the photo diode
“D” is outputted to the signal processor 170 (of FIG. 3).
Magnitude of the output voltage of the output terminal
“Vout” may be adjusted by the variable signal. The variable
signal controls on/off states of the fourth and fifth TFTs “T4”
and “T5” and a current flowing through the fourth and fifth
TFTs “T4” and *“T5” is controlled by the on/off states. When
the third, fourth and fifth TFTs “T3,” “T4” and “T5” are
partially turned on, the output voltage is determined by a
voltage distribution law. Accordingly, the magnitude of the
output voltage is adjusted by the states of the fourth and fifth
TFTs “T4” and *“T5,” thereby adjusting the magnitude of the
output voltage by the variable signal.

[0043] When the enable signal of a low level voltage is
applied to the sensor controller 157 (of FIG. 3), the first TFT
“T1” is turned on and the node “N” is electrically short-
circuited to the enable signal input terminal “EN.” Accord-
ingly, the node “N” has a node voltage corresponding to the
enable signal of the enable signal input terminal “EN” and
the second and third TFTs “T2” and “T3” are turned on. As
a result, the output terminal “Vout” has an output voltage
corresponding to the enable signal of the enable signal input
terminal “EN,” ie., a low level voltage. Even though a
current is generated in the photo diode “D” due to light
irradiated on the photo diode “D,” the current may flow out
to the enable signal input terminal “EN” through the turned-
on first and second TFTs “T1” and “T2.” Accordingly, when
the enable signal of a low level voltage is applied to the
sensor controller 157, the sensor controller 157 outputs a
low level voltage and is not operated. Therefore, a current
signal generated in a photo sensor according to ambient
brightness is excellently converted into a voltage signal in
sensor controller and reliability of the photo sensor is
improved.

[0044] In FIG. 4B, a sensor controller includes first to fifth
thin film transistors (TFTs) “T1” to “T5,” and a source
signal, an enable signal, a variable signal and a ground signal
are supplied to the sensor controller. The first TFT “T1”
transmits the source signal to a node “N.” The photo diode
“D” adjusts a current passing through the node “N” accord-
ing to ambient brightness of a liquid crystal panel, thereby
adjusting a node voltage of the node “N.” The second and
third TFTs “T2” and “T3” are turned on/off according to the
node voltage of the node “N,” and the sensor controller
outputs the enable signal when the third TFT “T3” is turned
on. The fourth and fifth TFTs “T4” and “T5” function as a
variable element such as a variable resistor. Although not
shown, a single TFT may be substituted for the fourth and
fifth TFTs “T4” and “T5.”

[0045] The first to third TFTs “T1” to *“T3” are positive (P)
type transistors, and the fourth and fifth TFTs “T4” and “T5”
are negative (N) type transistors. In addition, each of the first
to fifth TFTs*“T1” to “T5” has a gate electrode, a source
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electrode and a drain electrode. The gate electrode of the first
TFT “T1” is connected to an enable signal input terminal
“EN,” the source electrode of the first TFT “T1” is con-
nected to a source terminal “VDD,” and the drain electrode
of the first TFT “T1” is connected to the node “N.” The gate
and drain electrodes of the second TFT “T2” are connected
to the node “N,” and the source electrode of the second TFT
“T2” 1s connected to the enable signal input terminal “EN.”
The gate electrode of the third TFT “T3” is connected to the
node “N,” the source electrode of the third TFT “T3” is
connected to the enable signal input terminal “EN,” and the
drain electrode of the third TFT “T3” is connected to an
output terminal “Vout” of the sensor controller.

[0046] The gate electrode of the fourth TFT “T4” is
connected to a variable signal input terminal “VBIAS,” and
the drain electrode of the fourth TFT “T4” is connected to
the output terminal “Vout.” The gate electrode of the fifth
TFT “T5” is connected to the variable signal input terminal
“VBIAS,” the drain electrode of the fifth TFT “T5” is
connected to a ground terminal “VSS,” and the drain elec-
trode of the fifth TFT “T5” connected to the source electrode
of the fourth TFT “T4.” The photo diode “D” as a photo
sensor 150 (of FIG. 3) has an anode connected to the ground
terminal “VSS” and a cathode connected to the node “N.”

[0047] Anexemplary operation of a sensor controller of an
LCD device according to an embodiment of the invention
will be illustrated hereinafter. When the enable signal of a
high level voltage is applied to the sensor controller 157 (of
FIG. 3) and light is irradiated on the photo diode “D,” a
current flowing from the anode to the cathode is generated
in the photo diode “D” and a node voltage of the node “N”
is reduced because the node “N” is electrically short-cir-
cuited to the ground terminal “VSS” due to the current
generated in the photo diode “D.” Since the reduced node
voltage of the node “N” is applied to the gate electrodes of
the second and third TFTs “T2” and “T3,”’the second and
third TFTs “T2” and “T3” are turned on when the reduced
node voltage of the node “N” is lower than a threshold
voltage of the second and third TFTs “T2” and “T3.” As a
result, an output voltage corresponding to the reduced node
voltage of the node “N” is outputted through the output
terminal “Vout.” Since the output voltage corresponds to the
reduced node voltage and the reduced node voltage corre-
sponds to the current generated in the photo diode “D,” the
output voltage corresponding to the current generated in the
photo diode “D” is outputted. Magnitude of the output
voltage of the output terminal “Vout” may be adjusted by the
variable signal. The variable signal controls on/off states of
the fourth and fifth TFTs “T4” and “T5” and a current
flowing through the fourth and fifth TFTs “T4” and “T5” is
controlled by the on/off states. Accordingly. the magnitude
of the output voltage is adjusted by the states of the fourth
and fifth TFTs “T4” and “T5,” thereby adjusting the mag-
nitude of the output voltage by the variable signal.

[0048] When the enable signal of a low level voltage is
applied to the sensor controller 157 (of FIG. 3), the first TFT
“T1” is turned on and the node “N” is electrically short-
circuited to the source terminal “VDD.” Accordingly, the
node “N” has a node voltage corresponding to the source
signal of the source terminal “VDD.” Since the source signal
has a high level voltage, the second and third TFTs “T2” and
“T3” are turned off. As a result. an output terminal “Vout”
has an output voltage corresponding to the ground signal of
the ground terminal “VSS,” i.e., a low level voltage. Even
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though a current is generated in the photo diode “I)” due to
light irradiated on the photo diode “D,” the current may flow
out to the source terminal “VDD” through the turned-on first
TFT “T1.” Accordingly, when the enable signal of a low
level voltage is applied to the sensor controller 157, the
sensor controller 157 outputs a low level voltage and is not
operated. Therefore, a current signal generated in a photo
sensor according to ambient brightness is excellently con-
verted into a voltage signal in sensor controller and reliabil-
ity of the photo sensor is improved.

[0049] InFIG. 4C, a sensor controller includes first to fifth
thin film transistors (TFTs) “T1” to “T5” and an inverter “I,”
and a source signal, an enable signal, a variable signal and
a ground signal are supplied to the sensor controller. The first
TFT “T1” transmits the source signal to a node “N.” The
photo diode “D” adjusts a current passing through the node
“N” according to ambient brightness of a liquid crystal
panel, thereby adjusting a node voltage of the node “N.” The
second and third TFTs “T2” and “T3” are turned on/off
according to the node voltage of the node “N,” and the
sensor controller outputs the enable signal when the third
TFT “T3” is turned on. The fourth and fifth TFTs “T4” and
“T5” function as a variable element such as a variable
resistor. Although not shown, a single TFT may be substi-
tuted for the fourth and fifth TFTs “T4” and “T5.”

[0050] The second and third TFTs “T2” and “T3” are
positive (P) type transistors, and the first, fourth and fifth
TFTs “T1,” “T4” and “T5” are negative (N) type transistors.
In addition, each of the first to fifth TFTs “T1” to “T5” has
a gate electrode, a source electrode and a drain electrode. An
input of the inverter “I” is connected to an enable signal
input terminal “EN,” and the source signal and the ground
signal are supplied to the inverter “I” as a source power. The
gate electrode of the first TFT “T1” is connected to an output
of the inverter “I,” the source electrode of the first TFT “T1”
is connected to a ground terminal “VSS,” and the drain
electrode of the first TFT “T1” is connected to the node “N.”
[0051] The gate and drain electrodes of the second TFT
“T2” are connected to the node “N,” and the source elec-
trode of the second TFT “T2” is connected to an enable
signal input terminal “EN.” The gate electrode of the third
TFT “T3” is connected to the node “N,” the source electrode
of the third TFT “T3” is connected to the enable signal input
terminal “EN,” and the drain electrode of the third TFT “T3”
is connected to an output terminal “Vout” of the sensor
controller. The gate electrode of the fourth TFT “T4” is
connected to a variable signal input terminal “VBIAS,” and
the drain electrode of the fourth TFT “T4” is connected to
the output terminal “Vout.” The gate electrode of the fifth
TFT “T5” is connected to the variable signal input terminal
“VBIAS,” the drain electrode of the fifth TFT “T5” is
connected to a ground terminal “VSS,” and the drain elec-
trode of the fifth TFT “T5” connected to the source electrode
of the fourth TFT “T4.” The photo diode “D” as a photo
sensor 150 (of FIG. 3) has an anode connected to the ground
terminal “VSS” and a cathode connected to the node “N.”
[0052] An exemplary operation of a sensor controller of an
LCD device according to an embodiment of the invention
will be illustrated hereinafter. When the enable signal of a
high level voltage is applied to the sensor controller 157 (of
FIG. 3) and light is irradiated on the photo diode “D,” a
current flowing from the anode to the cathode is generated
in the photo diode “D” and a node voltage of the node “N”
is reduced because the node “N” is electrically short-cir-
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cuited to the ground terminal “VSS” due to the current
generated in the photo diode “D.” Since the reduced node
voltage of the node “N” is applied to the gate electrodes of
the second and third TFTs “T2” and “T3,” the second and
third TFTs “T2” and “T3” are turned on when the reduced
node voltage of the node “N” is lower than a threshold
voltage of the second and third TFTs “T2” and “T3.” As a
result, an output voltage corresponding to the reduced node
voltage of the node “N” is outputted through the output
terminal “Vout.” Since the output voltage corresponds to the
reduced node voltage and the reduced node voltage corre-
sponds to the current generated in the photo diode “D,” the
output voltage corresponding to the current generated in the
photo diode “D” is outputted. Magnitude of the output
voltage of the output terminal “Vout” may be adjusted by the
variable signal. The variable signal controls on/off states of
the fourth and fifth TFTs “T4” and “T5” and a current
flowing through the fourth and fifth TFTs “T4” and “T5” is
controlled by the on/off states. Accordingly, the magnitude
of the output voltage is adjusted by the states of the fourth
and fifth TFTs “T4” and “T3,” thereby adjusting the mag-
nitude of the output voltage by the variable signal.

[0053] When the enable signal of a low level voltage is
applied to the sensor controller 157 (of FIG. 3), the first TFT
“T1” is turned on and the node “N” is electrically short-
circuited to the ground terminal “VSS.” Accordingly, the
node “N” has a node voltage corresponding to the ground
signal of the ground terminal “VSS.” Since the ground
signal has a low level voltage, the second and third TFTs
“T2” and “T3” are turned on. As a result, an output terminal
“Yout” has an output voltage corresponding to the enable
signal of the enable signal input terminal “VSS,” i.e., a low
level voltage. Even though a current is generated in the
photo diode “D” due to light irradiated on the photo diode
“D,” the current may flow out to the enable signal input
terminal “EN” through the turned-on second TFT “T2.”
Accordingly, when the enable signal of a low level voltage
is applied to the sensor controller 157, the sensor controller
157 outputs a low level voltage and is not operated. There-
fore, a current signal generated in a photo sensor according
to ambient brightness is excellently converted into a voltage
signal in sensor controller and reliability of the photo sensor
is improved.

[0054] Thus, in an LCD device according to an embodi-
ment of the invention, display brightness and contrast ratio
under a bright ambient luminance are improved and power
consumption under a dark ambient luminance is reduced by
adjusting a backlight unit according to the condition of
ambient luminance. In addition, reliability in operation of a
photo sensor is improved by using a sensor controller where
a magnitude of output voltage is easily adjusted due to a
variable signal.

[0055] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
liquid crystal display device and the method of driving the
same of embodiments of the invention without departing
from the spirit or scope of the invention. Thus, it is intended
that embodiments of the invention cover the modifications
and variations of this invention provided they come within
the scope of the appended claims and their equivalents.

What is claimed is:

1. A liquid crystal display device, comprising:

a liquid crystal panel,

a backlight unit supplying light to the liquid crystal panel;
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a photo sensor detecting a brightness of an ambient
surrounding the liquid crystal panel and generating a
sense signal; and

a signal processor adjusting a luminance of the light
supplied by the backlight unit according to the sense
signal.

2. The device according to claim 1, wherein the sense
signal generated by the photo sensor is a current type sense
signal.

3. The device according to claim 2, further comprising a
sensor controller converting the current type sense signal to
a voltage type sense signal.

4. The device according to claim 3, wherein the photo
sensor, the sensor controller and the signal processor are
formed in the liquid crystal panel, and wherein the sensor
controller, the signal processor and the liquid crystal panel
include a polycrystalline silicon element.

5. The device according to claim 3, wherein the liquid
crystal panel includes a first substrate, a second substrate and
aliquid crystal layer between the first and second substrates,
and the photo sensor, sensor controller and the signal pro-
cessor are formed on the first substrate.

6. The device according to claim 3, wherein the sensor
controller includes:

first to third thin film transistors each having a gate
electrode, a source electrode and a drain electrode;

a variable element connected to the third thin film tran-
sistor;

an enable signal input terminal receiving an enable signal,
the enable signal having one of high and low level
voltages;

a ground terminal receiving a ground signal;

a variable signal input terminal applying a variable signal
to the variable element; and

an output terminal outputting an output voltage to the
signal processor,

wherein the photo sensor is connected to the ground
terminal and the gate electrodes of the second and third
thin film transistors.

7. The device according to claim 6, wherein the variable

signal adjusts a magnitude of the voltage type sense signal.

8. The device according to claim 6, wherein the variable
element includes a fourth thin film transistor connected to
the third thin film transistor, and the variable signal is
applied to a gate electrode of the fourth thin film transistor.

9. The device according to claim 6, wherein the variable
element includes a fourth and fifth thin film transistors
connected to the third thin film transistor in series, and the
variable signal is applied to gate electrodes of the fourth and
fifth thin film transistors.

10. The device according to claim 9, wherein the fourth
and fifth thin film transistors include negative (N) type
transistors.

11. The device according to claim 6,

wherein the gate electrode and the source electrode of the
first thin film transistor are connected to the enable
signal input terminal and the drain electrode of the first
thin film transistor is connected to the gate electrodes of
the second and third thin film transistors to define a
node,

wherein the drain electrode of the second thin film tran-
sistor is connected to the node and the source electrode
of the second thin film transistor is connected to the
enable signal input terminal, and
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wherein the source electrode of the third thin film tran-
sistor is connected to the enable signal input terminal
and the drain electrode of the third thin film transistor
is connected to the output terminal.

12. The device according to claim 11, wherein the first to
third thin film transistors include positive (P) type transis-
tors.

13. The device according to claim 6,

wherein the sensor controller further includes a source

terminal receiving a source voltage,

wherein the gate electrode of the first thin film transistor

is connected to the enable signal input terminal, the
source electrode of the first thin film transistor is
connected to the source terminal and the drain electrode
of the first thin film transistor is connected to the gate
electrodes of the second and third thin film transistors
to define a node,

wherein the drain electrode of the second thin film tran-

sistor is connected to the node and the source electrode
of the second thin film transistor is connected to the
enable signal input terminal, and

wherein the source electrode of the third thin film tran-

sistor is connected to the enable signal input terminal
and the drain electrode of the third thin film transistor
1s connected to the output terminal.

14. The device according to claim 13, wherein the first to
third thin film transistors include positive (P) type transis-
tors.

15. The device according to claim 6,

wherein the sensor controller further includes a source

terminal receiving a source voltage and an inverter
inverting the enable signal,
wherein the gate electrode of the first thin film transistor
1s connected to the inverter, the source electrode of the
first thin film transistor is connected to the source
terminal and the drain electrode of the first thin film
transistor is connected to the gate electrodes of the
second and third thin film transistors to define a node,

wherein the drain electrode of the second thin film tran-
sistor is connected to the node and the source electrode
of the second thin film transistor is connected to the
enable signal input terminal, and

wherein the source electrode of the third thin film tran-

sistor is connected to the enable signal input terminal
and the drain electrode of the third thin film transistor
is connected to the output terminal.

16. The device according to claim 15, wherein the first
thin film transistor includes a negative (N) type transistor,
and the second and third thin film transistors include positive
(P) type transistors.

17. A method of driving a liquid crystal display device,
comprising:

detecting a brightness of an ambient surrounding a liquid

crystal panel and generating a current type sense signal;
converting the current type sense signal into a voltage
type sense signal; and

adjusting a brightness of a light supplied to the liquid

crystal panel according to the voltage type sense signal.

18. The method according to claim 17, wherein the
magnitude of the voltage type sense signal is adjusted by a
variable signal.



patsnap

TRBR(F) RBEREERHEERS 5 E
[ (RE)S US20080001909A1 K (aH)A 2008-01-03
HES US11/638514 BHiEA 2006-12-14
FRIBEBE(EFROAF) FEETERAF
B (Z AIAR) A (IF) LG.PHILIPS LCD CO. , LTD.
LA RB(ERN)AGE) LG DISPLAY CO. , LTD.
#RI&BAA LIM KYOUNG MOON
KA LIM, KYOUNG-MOON
IPCH%£5 G09G3/36
CPCH %5 G09G3/3406 G09G3/3648 G09G2360/144 G09G2330/021 G09G2320/0626
1k AR 1020060060919 2006-06-30 KR
H At 40 FF 3Rk US7733336
SNERaE Espacenet USPTO
HE(R) (
RELTREOEBLEN , DRBERREXHEHET , BB — l““‘ | —
RBEROFANFE - EBNESHHREDBE , URBHRENE ] —
S ERAT X E TREBNE SR K, "3
o

gate driver

170 ——

150

100

N
167

backlight lamp

i

backl ight driver

i



https://share-analytics.zhihuiya.com/view/75f5d199-6ed8-4dbd-9a06-f9fd6e088d57
https://worldwide.espacenet.com/patent/search/family/038876093/publication/US2008001909A1?q=US2008001909A1
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=%2220080001909%22.PGNR.&OS=DN/20080001909&RS=DN/20080001909

