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(57) ABSTRACT

A light sensing circuit includes a sensor unit, a voltage gen-
erator and a readout circuit. The sensor unit includes a first
sensor that detects an external light to output a first current
value, a third sensor that detects an internal light generated
from the backlight unit to output a third current value, and a
second sensor that detects a peripheral light isolated from the
external light and the internal light to output a second current
value. The sensor unit outputs a first differential value
between the third current value and the second current value

(22) Filed: Jan. 22, 2009 and a second differential value between the first current value
and the second current value. The voltage generator generates
a reference voltage based on the first differential value and a
(30) Foreign Application Priority Data sensing voltage based on the second differential value. The
readout circuit outputs brightness information of the external
Aug. 20,2008 (KR) .oooeevercevercnnenen 10-2008-0081469 light using the reference voltage and the sensing voltage.
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Fig. 1
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Fig. 2
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LIGHT SENSING CIRCUIT, LIQUID
CRYSTAL DISPLAY HAVING THE SAME,
AND METHOD OF DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 2008-81469, filed on Aug. 20, 2008, the
disclosure of which is incorporated by reference in its entirety
herein.

BACKGROUND
[0002] 1. Technical Field
[0003] The disclosure relates to a light sensing circuit, a

liquid crystal display having the same, and a method of driv-
ing the same. More particularly, the disclosure relates to a
light sensing circuit to detect external illuminance, a liquid
crystal display having the same, and a method of driving the
same.

[0004] 2. Discussion of Related Art

[0005] Liquid crystal displays (LCDs) have been exten-
sively used due to their superior image quality, lightness,
slimness and low power consumption. Since an LCD is a
non-emissive display apparatus, a light source, such as a
backlight unit, is necessary.

[0006] A white light emitting diode (LED) may be used as
a backlight unit in a small-sized or medium-sized display
apparatus. A cold cathode fluorescent lamp (CCFL) may be
used as a backlight unit in a large-sized display apparatus,
such as a laptop computer.

[0007] The backlight unit can consume a majority of the
power in an LCD. Power consumption can be reduced in a
backlight unit of an LCD by use of a sensor. For example, a
sensor may be attached to anouter portion of an LCD to detect
peripheral illuminance, and a sensing circuit can then be used
to convert an analog signal detected from the sensor into a
digital signal to control brightness of the backlight unit by
using the digital signal.

[0008] However, the output value of the sensor may vary
under the same peripheral luminance due to deviation
between sensors. The sensing circuit may be provided with a
calibration circuit to calibrate the deviation between sensors.
However, since the internal structure of conventional sensing
circuits are complicated, the manufacturing cost of the LCD
is increased.

[0009] The conventional sensor and the sensing circuit may
be fabricated separately from the manufacturing process for
an LCD panel and attached to an outer portion of the LCD
panel when the LCD panel is assembled as a product. How-
ever, fabricating the sensor and the sensing circuit separately
can increase the manufacturing time and the manufacturing
cost for the LCD.

[0010] Thus, there is a need for a light sensing circuit
capable of obtaining the same digital output value under the
same peripheral luminance regardless of deviation between
sensors, an LCD having the light sensing circuit, and a
method of driving the light sensing circuit.

SUMMARY

[0011] In an exemplary embodiment of the present inven-
tion, a light sensing circuit includes a sensor unit, a voltage
generator and a readout circuit. The sensor unit includes a first
sensor that detects an external light to output a first current
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value, a third sensor that detects an internal light generated
from a backlight unit to output a third current value, and a
second sensor that detects a peripheral light isolated from the
external light and the internal light to output a second current
value. The sensor unit outputs a first differential value
between the third current value and the second current value
and a second differential value between the first current value
and the second current value.

[0012] The voltage generator generates a reference voltage
in response to the first differential value and a sensing voltage
in response to the second differential value. The readout cir-
cuit detects a first rising time, during which the reference
voltage reaches predetermined target voltage, and a second
rising time, during which the sensing voltage reaches the
predetermined target voltage, based on the first rising time,
and outputs the second rising time as brightness information
of the external light.

[0013] In another exemplary embodiment of the present
invention, the light sensing circuit is incorporated into a liquid
crystal display. The liquid crystal display further includes a
backlight unit supplying the internal light (e.g., a backlight)
and controlling a brightness of the internal light based the
brightness information provided by the light sensing circuit.
[0014] A method for driving a light sensing circuit that
detects brightness information of an external light is provided
in a further exemplary embodiment of the present invention.
The method includes detecting an external light and output-
ting a first current value that is representative of the external
light, detecting an internal light generated by a backlight and
outputting a third current value that is representative of the
internal light, and detecting a peripheral light isolated from
the external light and the internal light and outputting a sec-
ond current value that is representative of the peripheral light.
The method further includes detecting a first differential
value between the third current value and the second current
value and a second differential value between the first current
value and the second current value, generating a reference
voltage by integrating the first differential value, generating a
sensing voltage by integrating the second differential value,
converting the sensing voltage into digital data based ona first
time during which the reference voltage reaches a predeter-
mined target voltage, and detecting the brightness informa-
tion of the external light based on the digital data.

[0015] Theconverting of the sensing voltage into the digital
data may include counting the first time and converting a
count result thereof into first data, counting a second time
during which the sensing voltage reaches the predetermined
target voltage and converting a count result thereof into sec-
ond data, and converting the second data into the digital data
based on the first time included in the first data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Embodiments of the present invention will become
readily apparent by reference to the following detailed
description when considered in conjunction with the accom-
panying drawings wherein:

[0017] FIG. 1 is a block diagram illustrating an LCD
according to an exemplary embodiment of the present inven-
tion;

[0018] FIG.2isa sectional view taken along line I-I' shown
in FIG. 1;
[0019] FIG. 3 is a block diagram illustrating a light sensing

circuit shown in FIG. 1 according to an exemplary embodi-
ment of the present invention;
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[0020] FIG.4isacircuit diagram illustrating a light sensing
circuit shown in FIG. 3; and

[0021] FIG.5is a timing diagram illustrating an operation
of a light sensing circuit shown in FIG. 4.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0022] Hereinafter, exemplary embodiments of the present
invention will be explained in more detail with reference to
the accompanying drawings. However, the scope of the
present invention is not limited to such exemplary embodi-
ments and other embodiments of the present invention may be
realized in various forms. The same reference numerals are
used to designate the same elements throughout the drawings.
[0023] FIG. 1 is a block diagram illustrating an LCD
according to an exemplary embodiment of the present inven-
tion, and FIG. 2 is a sectional view taken along line I-I' shown
in FIG. 1.

[0024] Referring to FIGS. 1 and 2, an LCD 500 includes an
LCD panel 400, drivers 150 and 160, and a light sensing
circuit 140. In addition, the LCD 500 further includes a back-
light unit 170.

[0025] The LCD panel 400 displays an image by using
light. The LCD panel 400 includes a display area DA, which
displays the image, and a peripheral area PA surrounding the
display area DA. The peripheral area PA and the display area
DA may be disposed on an upper surface of the LCD panel
400.

[0026] TheLCD panel 400 includes an array substrate 100,
an opposite substrate 300 facing the array substrate 100, and
a liquid crystal layer 200 interposed between the array sub-
strate 100 and the opposite substrate 300.

[0027] The LCD panel includes a plurality of gate lines
GL1 to GLn and a plurality of data lines D1 to DLm, which
cross the gate lines GL1 to GLn while being insulated from
the gate lines GL1 to GLn. The gate lines GL1 to GLn and the
data lines DL1 to DLm may be disposed on a front surface of
the array substrate 100 corresponding to the display area DA.

[0028] Thedisplay area DA may include a plurality of pixel
areas in the form of a matrix of the gate lines GL1 to GLn and
the datalines DL1 to DLm. Each pixel area may include a thin
film transistor TFT and a liquid crystal capacitor CLC con-
nected to the thin film transistor TFT. For example, a gate
electrode of the thin film transistor TFT may be connected to
a first gate line GL1, a source electrode of the thin film
transistor TFT may connected to a first data line DL1, and a
drain electrode of the thin film transistor TFT may be con-
nected to an upper electrode (not shown) of the liquid crystal
capacitor CLC in a first pixel area.

[0029] The drivers 150 and 160 may be disposed on the
array substrate 100 corresponding to the peripheral area PA.
The drivers 150 and 160 may include a data driver 150 and a
gate driver 160. The data driver 150 is electrically connected
to the data lines DL1 to DLm to apply data signals to the data
lines DL1 to DLm, and the gate driver 160 is electrically
connected to the gate lines GL1 to GLn to apply gate signals
to the gate lines GL1 to GLn. The gate signals are used to turn
on the thin film transistor TFT connected to the gate lines GL.1
to GLn. The data driver 150 may be mounted on the array
substrate 100 corresponding to the peripheral area PA through
achipon glass (COG) scheme, and the gate driver 160 may be
integrated on the peripheral area PA adjacent the data driver
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150 through a thin film process. The gate driver 160 may
include polysilicon type transistors integrated on the array
substrate 100.

[0030] A first light blocking layer 110 may be disposed on
a rear surface of the array substrate 100 corresponding to the
peripheral area PA. The first light blocking layer 110 may
surround the display area DA. The first light blocking layer
110 may prevent light generated from the backlight unit 170
from being introduced into first and second sensors PD1 and
PD2 provided on the light sensing circuit 140.

[0031] A second light blocking layer 310 and a common
electrode layer (not shown) may be disposed on the opposite
substrate 300. The second light blocking layer 310 may pre-
vent external light from being introduced into second and
third sensors PD2 and PD3 provided on the light sensing
circuit 140.

[0032] Thelightsensingcircuit 140 may beprovided onthe
peripheral area of the array substrate 100. The light sensing
circuit 140 detects brightness information of the external light
incident into the LCD panel 400. The light sensing circuit 140
includes a sensor unit 120 and readout circuit 134.

[0033] The sensor unit 120 includes first to third sensors
PD1, PD2 and PD3. For example, the first to third sensors
PD1, PD2 and PD3 may include photodiodes. Hereinafter,
the first to third sensors will be referred to as first to third
photodiodes PD1, PD2 and PD3, respectively.

[0034] Asshown in FIG. 2, the first and second photodiodes
PD1 and PD2 are blocked from internal light BL (hereinafter,
referred to as backlight) by the first light blocking layer 110,
and the second and third photodiodes PD2 and PD3 are
blocked from external light EL by the second light blocking
layer 310. Thus, the first photodiode PD1 only detects the
external light EL, the third photodiode PD3 only detects the
backlight BL, and the second diode PD2 only detects periph-
eral light DL (hereinafter, dark light) isolated from the exter-
nal light and the backlight.

[0035] The light sensing circuit 140 may be integrated on a
predetermined region of the array substrate 100, which cor-
responds to the peripheral area PA, together with the gate
driver 160 through a thin film process. The light sensing
circuit 140 may include polysilicon type transistors similar to
the transistors of the gate driver 160. As a result, the process
of forming the gate driver 160 and the light sensing circuit 140
on the array substrate 100 may be simplified.

[0036] FIG. 3 is a block diagram illustrating the light sens-
ing circuit shown in FIG. 1 according to an exemplary
embodiment of the present invention, and FIG. 4 is a circuit
diagram illustrating the light sensing circuit shown in FIG. 3.
Referring to FIGS. 3 and 4, the light sensing circuit 140
includes a sensor unit 120, a voltage generator 132 and a
readout circuit 134.

[0037] The sensor unit 120 includes the first photodiode
PD1, which detects the external light EL to output a first
current value I1, the third photodiode PD3, which detects the
backlight BL generated from the backlight unit to output a
third current value I3, and the second photodiode PD2, which
detects the dark light DL isolated from the external light EL
and the backlight BL to output a second current value 12. The
sensor unit 120 includes first and second switching circuits
SW1 and SW2 that control an electric connection between the
first and second photodiodes PD1 and PD2, and third and
fourth switching circuits SW3 and SW4 that control an elec-
tric connection between the second and third photodiodes
PD2 and PD3.



US 2010/0045908 A1

[0038] The second photodiode PD2, the third switching
circuit SW3, the fourth switching circuit SW4 and the third
photodiode PD3 are serially connected between first voltage
V1 and second voltage V2, which is lower than the first
voltage V1. The second photodiode PD2 may be connected to
the first voltage V1 in the inverse direction, and the third
photodiode PD3 may be connected to the second voltage V2
in the inverse direction. When the third and fourth switching
circuits SW3 and SW4 are turned on in response to a second
switching signal ¢2 having, e.g., a high state, the second and
third photodiodes PD2 and PD3 are serially connected
between the first voltage V1 and second voltage V2. Thus, the
second and third photodiodes PD2 and PD3, which are con-
nected to each other in series, comprise a first subtraction
circuit. As a result, a first differential value (13-12) between
the third current value I3 corresponding to the backlight BL
and the second current value 12 corresponding to the dark
light DL is output through a first node N1.

[0039] The first switching circuit SW1, the second switch-
ing circuit SW2, and the first photodiode PD1 are serially
connected between second photodiode PD2 and the second
voltage V2. The first photodiode PD1 is connected to the
second voltage V2 in the inverse direction. When the first and
second switching circuits SW1 and SW2 are turned on in
response to a first switching signal ¢1 having, e.g., a high
state, the first and second photodiodes PD1 and PD2 are
serially connected between the first voltage V1 and second
voltage V2. Thus, the first and second photodiodes PD1 and
PD2, which are serially connected between the first and sec-
ond voltages V1 and V2, comprise a second subtraction cir-
cuit. As a result, a second differential value (11-12) between
the first current value 11 corresponding to the external light
EL and the second current value 12 corresponding to the dark
light DL is output through the first node N1.

[0040] The voltage generator 132 is electrically connected
to the first node N1 to receive the first and second differential
values (I13-12 and I1-12) from the sensor unit 120. The volt-
age generator 132 generates a reference voltage in response to
the first differential value (I13-I2) and generates a sensing
voltage in response to the second differential value (I11-12).
[0041] The voltage generator 132 may include a first opera-
tional amplifier (AMP) 132A, a capacitor (C) 132B and an
NMOS transistor MN. The first operational amplifier 132A
includes an inverting terminal 12 connected to the first node
N1 of the sensor unit 120 to receive the first and second
differential values (13-12 and I1-12), anon-inverting terminal
14 connected to a ground voltage, and an output terminal 16,
which outputs the reference voltage VBL by integrating the
first differential value (I3-12) and the sensing voltage by
integrating the second differential value (11-12). The capaci-
tor 132B and the NMOS transistor MN are connected
between the inverting terminal 12 of the first operational
amplifier 132A and an output terminal 16 of the first opera-
tional amplifier 132A in parallel through a feedback scheme.
An output terminal of a NAND gate 132C is connected to a
gate terminal of the NMOS transistor MN and an output
terminal of an OR gate 132D is connected to one input ter-
minal of the NAND gate 132C. A reset signal RST is applied
to the other input terminal of the NAND gate 132C.

[0042] The voltage generator 132 having the above circuit
configuration comprises an integration circuit. If the first
differential value (I3-12) is applied to the inverting terminal
12 of the first operational amplifier 132A from the sensor unit
120 when the NMOS transistor NM is turned off, the refer-
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ence voltage, which rises to a target voltage VBLU, is genet-
ated at the output terminal 16 of the first operational amplifier
132A. A first rising time TBLU, which may be referred to as
atime to reach the target voltage from the reference voltage,
may be expressed by Equation 1 as follows:

TBLU=VBLUxC+{I3-12), Equation 1,

where C represents a capacitance of the capacitor 132B. The
VBLU and C may be determined empirically by, e.g., a sys-
tem designer. Thus, VBLU and C are constants, and TBLU
and (I3-12) are variables.

[0043] Similarly, if the second differential value (T1-12) is
applied to the inverting terminal 12 of the first operational
amplifier 132A from the sensor unit 120 when the NMOS
transistor NM is turned off, the sensing voltage, which rises to
a predetermined voltage, is generated at the output terminal
16 of the first operational amplifier 132A. A second rising
time TPD, which may be referred to as a time to reach the
predetermined voltage from the sensing voltage, may be
expressed by Equation 2 as follows:

TPD=VBLUXC+(I1-I2).

[0044] Referring again to FIG. 3, the readout circuit 134
detects the first rising time TBLU and converts the detected
first rising time TBLU into digital reference data. The digital
reference data may be stored in a memory. Then, the readout
circuit 134 detects the second rising time TPD and converts
the detected second rising time TPD into digital data. The
readout circuit 134 compares the digital data with the digital
reference data stored in the memory and outputs the compari-
son result as brightness information of the external light.
[0045] The readout circuit 134 may include a comparator
134A, a counter 134B, a memory 134C and a D/A converter
134D. The comparator 134A includes a non-inverting termi-
nal 18 connected to the output terminal 16 of the first opera-
tional amplifier 132A of the voltage generator 132, an invert-
ing terminal 20 connected to an output terminal of the D/A
converter 134D, and an output terminal 22.

[0046] When the reference voltage obtained by integrating
the first differential value (12-13) is applied to the non-invert-
ing terminal 18 of the comparator, the D/A converter 134D
does not apply a voltage to an inverting terminal 20 of a
second operational amplifier 134A-1. For example, the
inverting terminal 20 of the second operational amplifier
134A-1 may be grounded. Thus, the comparator 134A out-
puts the reference voltage, which rises to the target voltage
during the first rising time TBLU.

[0047] The counter 134B may include an enable terminal
connected to the output terminal 22 of the comparator 134A,
a reset terminal RT receiving a reset signal RST to initialize
the counting operation, a clock terminal CK receiving a ref-
erence clock CLK, and an output terminal OUT outputting
the count result as digital data. The counter 134B may start a
counting operation when the reference voltage is output from
the comparator 134A.

[0048] The memory 134C may receive the number of ref-
erence clocks CLK from the counter 134B through an input
terminal thereof and may store the number of reference
clocks CLK as digital reference data. The digital reference
data may be applied to the D/A converter 134D through an
output terminal of the memory 134C. The D/A converter
134D converts the digital reference data into an analog volt-
age AS and the analog voltage AS is fed back to the inverting
terminal 20 of the comparator 134A. Upon receiving the
analog voltage AS, the comparator 134 A compares the analog

Equation 2,
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voltage AS with the reference voltage. The counter 134B
continuously counts the number of reference clocks CLK
until the analog voltage AS becomes identical or substantially
identical to the reference voltage. For example, the counter
134B sequentially increases a count of the number of refer-
ence clocks CLK stored in the memory 134C as digital ref-
erence data.

[0049] If the reference voltage reaches the target voltage
VBLU, the counter 134B stops the counting operation and
may be electrically disconnected from the memory 134C by
the fifth switching circuit SW5. The number of reference
clocks CLK, which is obtained when the reference voltage
reaches the target voltage VBLU, may be stored in the
memory 134C. For example, the number of reference clocks
CLK stored in the memory 134C may be set as digital refer-
ence data corresponding to the first rising time TBLU. The
digital reference data may be converted into the analog volt-
age corresponding to the first rising time TBLU through the
D/A converter 134D, and the analog voltage may be applied
to the inverting terminal 20 of the comparator 134A.

[0050] Then, the comparator 134A compares the sensing
voltage corresponding to the external light with the analog
voltage AS and outputs the comparison result as digital con-
trol data DCS. The digital control data DCS may serve as
brightness information of the external light.

[0051] FIG.5is atiming diagram illustrating an exemplary
operation of the light sensing circuit 140 shown in FIG. 4.
Referring to FIG. 5, an operational period of the light sensing
circuit 140 is divided into a first period P1 to generate the
reference voltage, a second period P2 to generate the digital
reference voltage corresponding to the first rising time
TBLU, and a third period P3 to generate digital data corre-
sponding to the second rising time TPD_a and TPD_b.
[0052] Ifthe first switching signal 1 having the low state is
applied the first and second switching circuits SW1 and SW2
and the second switching signal ¢2 having the high state is
applied to the third and fourth switching circuits SW3 and
SW4 during the first period P1, the sensor unit 120 outputs the
first differential value (I3-12) between the third current value
13 and the second current value 12. At this time, the NMOS
transistor MN provided in the voltage generator 132 shown in
FIG. 4 is turned off. Thus, the reference voltage, which rises
to the target voltage VBLU during the first rising time TBLU,
is generated at the output terminal 16 of the first operational
amplifier 132A by integrating the first differential value (13-
12).

[0053] Inthesecond period P2, the first switching signal ¢p1
is maintained in the low state and the second switching signal
$2 is transitioned from the high state to the low state. At this
time, the NMOS transistor MN provided in the voltage gen-
erator 132 is turned on. Therefore, the electric potential is
held as the target voltage of the reference voltage at the output
terminal 16 of the first operational amplifier 132A of the
voltage generator 132.

[0054] Next, the reference voltage, which rises to the target
voltage VBLU during the first rising time TBLU, is applied to
the enable terminal EN of the counter 134B shown in FIG. 4
through the comparator 134A as an enable signal Vc. The
counter 134B starts the counting operation for the reference
clocks CLK in response to the enable signal V¢ having the
high state. The number of reference clocks CLK counted by
the counter 134B is converted into the analog voltage AS
through the memory 134C and the D/A converter 134D, and
the analog voltage AS is fed back to the inverting terminal 20

Feb. 25,2010

of the comparator 134A. The comparator 134A outputs the
enable signal Ve having the high state until the analog voltage
AS reaches the target voltage VBLU of the reference voltage.
If the analog voltage AS reaches the target voltage VBLU of
the reference voltage, the enable signal Ve is transitioned
from the high state to the low state.

[0055] While the enable signal Ve is being maintained in
the high state, the number of reference clocks CLK counted
by the counter 134B is set as the digital reference data. As a
result, the first rising time TBLU is stored in the memory
134C shown in FIG. 4 as digital data.

[0056] During the third period P3, the second rising time
TPD_a of the sensing voltage corresponding to the external
light is converted into digital data during a reset period of the
reset signal RST. Consequently, the readout circuit 134 com-
pares the digital data corresponding to the second rising time
TPD_a, which is generated every reset period, with the digital
reference data corresponding to the first rising time TBLU,
and outputs the comparison result as digital control data DCS.
The digital control data DCS may be supplied to the backlight
unit as brightness information of the external light. Thus, the
backlight unit can control the brightness of the backlight
supplied to the LCD panel 400 shown in FIG. 1 based on the
digital control data DCS.

[0057] According to at least one of the above described
embodiment of the present invention, a second rising time of
a sensing voltage generated from external light and dark light
may be detected based on a first rising time of a reference
voltage generated from light of a backlight unit and the dark
light. The detected second rising time serves as brightness
information of the external light. Therefore, the same digital
output value can be obtained under the same peripheral lumi-
nance regardless of deviation between the sensors. A light
sensing circuit according to at least one of the above
described embodiments may be integrated on an LCD panel,
so that the manufacturing time and the manufacturing cost for
the LCD can be reduced.

[0058] Although exemplary embodiments of the present
invention have been described, it is understood that the
present invention should not be limited to these exemplary
embodiments, and various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the disclosure.

What is claimed is:
1. A light sensing circuit for a liquid crystal display having
a backlight unit, the light sensing circuit comprising:

a sensor unit comprising:

a first sensor that detects an external light to output a first
current value;

a third sensor that detects an internal light generated
from the backlight unit to output a third current value;
and

a second sensor that detects a peripheral light isolated
from the external light and the internal light to output
a second current value,

wherein the sensor unit outputs a first differential value
between the third current value and the second current
value and a second differential value between the first
current value and the second current value;

a voltage generator generating a reference voltage in
response to the first differential value and generating a
sensing voltage in response to the second differential
value; and
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a readout circuit generating brightness information of the
external light using the reference voltage and the sensing
voltage.

2. The light sensing circuit of claim 1, wherein the second
and third sensors are serially connected between a first volt-
age and a second voltage lower than the first voltage to com-
prise a first subtraction circuit that outputs the first differential
value, and the second and first sensors are serially connected
between the first voltage and the second voltage to comprise
a second subtraction circuit that outputs the second differen-
tial value.

3. The light sensing circuit of claim 2, wherein the first to
third sensors comprise photodiodes.

4. The light sensing circuit of claim 1, wherein the voltage
generator comprises:

an operational amplifier comprising an input terminal
receiving the first and second differential values, and an
output terminal outputting the reference voltage by inte-
grating the first differential value and outputting the
sensing voltage by integrating the second differential
value; and

a capacitor connected between the input terminal and the
output terminal of the operational amplifier to feedback
the reference voltage and the sensing voltage to the input
terminal.

5. The light sensing circuit of claim 1, wherein the readout
circuit generates the brightness information by detecting a
first rising time, during which the reference voltage reaches a
predetermined target voltage, and a second rising time, during
which the sensing voltage reaches the predetermined target
voltage, based on the first rising time, and outputting the
second rising time as the brightness information of the exter-
nal light.

6. The light sensing circuit of claim 5, wherein the readout
circuit comprises:

a comparator comparing the sensing voltage with the ref-

erence voltage to output an enable signal maintained in
a high state when the second rising time of the sensing
voltage is shorter than the first rising time of the refer-
ence voltage and maintained in a low state when the
second rising time of the sensing voltage is longer than
the first rising time of the reference voltage; and

a counter receiving the enable signal and counting a num-
ber of reference clocks while the enable signal is being
maintained in the high state to output the number of
reference clocks as digital data.

7. The light sensing circuit of claim 6, wherein the counter
stops the counting when the enable signal is maintained in the
low state.

8. The light sensing circuit of claim 6, wherein the counter
receives the reference voltage from the voltage generator,
counts the first rising time of the reference voltage, and out-
puts a count result as digital control data.

9. The light sensing circuit of claim 8, wherein the readout
circuit further comprises:

amemory storing the digital reference data; and

a digital/analog converter receiving the digital reference
data from the memory to convert the digital reference
data into the reference voltage.

10. The light sensing circuit of claim 8, wherein the digital/

analog converter supplies the reference voltage to an input
terminal of the comparator.
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11. A liquid crystal display comprising:

a liquid crystal display panel comprising a display area
displaying an image using a backlight;

a light sensing circuit detecting brightness information of
an external light incident into the liquid crystal display
panel; and

abacklightunitsupplying the backlight to the liquid crystal
display panel and controlling a brightness of the back-
light based on the brightness information,

wherein the light sensing circuit comprises:

a first sensor that detects the external light to output a first
current value, a third sensor that detects the backlight to
output a third current value, and a second sensor that
detects a peripheral light isolated from the external light
and the backlight to output a second current value, the
sensor unit outputting a first differential value between
the third current value and the second current value and
a second differential value between the first current
value and the second current value,

a voltage generator generating a reference voltage in
response to the first differential value and generating a
sensing voltage in response to the second differential
value; and

a readout circuit detecting a first rising time, during which
the reference voltage reaches a predetermined target
voltage, and a second rising time, during which the
sensing voltage reaches the predetermined target volt-
age, based on the first rising time, and outputting the
second rising time as brightness information of the
external light.

12. The liquid crystal display of claim 11, wherein the
liquid crystal display panel further comprises a peripheral
area surrounding the display area and the light sensing circuit
is disposed on the peripheral area.

13. The liquid crystal display of claim 12, wherein the light
sensing circuit is integrated on the peripheral area through a
thin film process.

14. The liquid crystal display of claim 11, wherein the
voltage generator comprises:

an operational amplifier comprising an input terminal
receiving the first and second differential values, and an
output terminal outputting the reference voltage by inte-
grating the first differential value and outputting the
sensing voltage by integrating the second differential
value; and

a capacitor connected between the input terminal and the
output terminal of the operational amplifier to feedback
the reference voltage and the sensing voltage to the input
terminal.

15. The liquid crystal display of claim 11, wherein the

readout circuit comprises:

a comparator comparing the sensing voltage with the ref-
erence voltage to output an enable signal maintained in
a high state when the second rising time of the sensing
voltage is shorter than the first rising time of the refer-
ence voltage and maintained in a low state when the
second rising time of the sensing voltage is longer than
the first rising time of the reference voltage; and

a counter receiving the enable signal and counting a num-
ber of reference clocks while the enable signal is being
maintained in the high state to output the number of
reference clocks as digital data.

16. The liquid crystal display of claim 11, wherein the

liquid crystal display panel comprises:
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an array substrate;
an opposite substrate facing the array substrate;

aliquid crystal layer interposed between the array substrate
and the opposite substrate;

a first light blocking layer disposed on the array substrate
and configured to prevent backlight from being intro-
duced into the first sensor and the second sensor;

asecond light blocking disposed on the opposite substrate
and configured to prevent the external light from being
introduced into the second sensor and the third sensor.

17. The liquid crystal display of claim 16, wherein the first
light blocking surrounds the display area.

18. The liquid crystal display of claim 16, wherein the first
light blocking layer overlaps the first sensor and the second
sensor, and the second light blocking layer overlaps the sec-
ond sensor and the third sensor.

19. A method of driving a light sensing circuit that detects
brightness information of an external light, the method com-
prising:

detecting an external light and outputting a first current

value that is representative of the external light, detect-
ing an internal light generated by a backlight and out-
putting a third current value that is representative of the
internal light, and detecting a peripheral light isolated
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from the external light and the internal light and output-
ting a second current value that is representative of the
peripheral light;

detecting a first differential value between the third current
value and the second current value and a second differ-
ential value between the first current value and the sec-
ond current value;,

generating a reference voltage by integrating the first dif-
ferential value;

generating a sensing voltage by integrating the second
differential value;

converting the sensing voltage into digital data based on a
first time during which the reference voltage reaches a
predetermined target voltage; and

detecting the brightness information of the external light
based on the digital data.

20. The method of claim 19, wherein the converting of the

sensing voltage into the digital data comprises:

counting the first time and converting a count result thereof
into first data;

counting a second time during which the sensing voltage
reaches the predetermined target voltage and converting
a count result thereof into second data; and

converting the second data into the digital data based onthe
first time included in the first data.

® ok % ok %



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RAAN
IPCH %S

CPCH¥S

L5
H 2T SR
SAERGERE

BEGF)

HEBERIEERBIFET  BERERMRHER, FRHFETS

patsnap
FfEBBEE  BEEZAABRBRABRERERERIG S E

US20100045908A1 NI (»&E)B 2010-02-25

US12/357874 RiEH 2009-01-22

WOO DOO HYUNG

WOO DOO=

WOO DOO=E

WOO DOO HYUNG

WOO, DOO-HYUNG

GO02F1/133 G01J1/42

G01J1/1626 G01J1/4204 G01J1/4228 GO2F1/13318 G09G2360/145 G09G3/3648 G09G2300/0408
G09G2320/0626 G09G2360/144 G09G3/3406

1020080081469 2008-08-20 KR

US8174486

Espacenet USPTO

SRR ERNABKUG LS —BRE S ARE | ER +
TS S 2 T A I ER S DU = R A R S R | HAR UM i A
ROBMAE K. AEBHFABRGHEE—BHRE, FBREEATH LS : 1.
SERENE—RREs AN E—EEARE—BRERE-eREy T [ T

BNE-EE, BE A EETE - EENETE - EENBN BER e Lo it
ESEGE, RS b E AR B R S —%j Vi .%;“g}?
E\ o - —~PD3. 140

S ra | ——134
I

L —s300
400
[ | —~—100



https://share-analytics.zhihuiya.com/view/783d7433-d957-4d99-8e96-6de5059b202b
https://worldwide.espacenet.com/patent/search/family/041696048/publication/US2010045908A1?q=US2010045908A1
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=%2220100045908%22.PGNR.&OS=DN/20100045908&RS=DN/20100045908

