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(57) ABSTRACT

A photosensor circuit includes a read-out circuit and a deter-
miner. The read-out circuit includes: a first photosensor
which outputs a first reference current corresponding to an
intensity of a first reference light; a second photosensor which
outputs a second reference current corresponding to an inten-
sity of a second reference light; a third photosensor which
outputs an external light current corresponding to an intensity
of an external light; a first current memory which senses the
first reference current; a second current memory which senses
a difference between the first and second reference currents;
and a storage capacitor which charges during a first period of
time and discharges during a second period of time. The

(21) Appl. No.: 12/166,370 determiner calculates the intensity of the external light based
on the intensities of the first and second reference lights and
(22) Filed: Jul. 2, 2008 durations of the first and second periods of time.
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PHOTOSENSOR CIRCUIT, LIQUID CRYSTAL
DISPLAY HAVING THE SAME AND METHOD
OF DRIVING THE LIQUID CRYSTAL
DISPLAY

[0001] This application claims priority to Korean Patent
Application No. 10-2007-0091145, filed on Sep. 7, 2007, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
contents of which in its entirety are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention relates to a photosensor cir-
cuit, a liquid crystal display (“LCD”) having the same and a
method of driving the LCD. More particularly, the present
invention relates to a photosensor circuit which accurately
measures an intensity of external light in real time, an LCD
including the photosensor circuit and a method of driving the
LCD.

[0004] 2. Description of the Related Art

[0005] A conventional liquid crystal display (“LCD”)
includes a liquid crystal panel. The liquid crystal panel has a
first display substrate having a pixel electrode, a second dis-
play substrate having a common electrode and a dielectrically
anisotropic liquid crystal layer injected between the first dis-
play substrate and the second display substrate.

[0006] The LCD displays a desired image by forming an
electric field between the pixel electrode and the common
electrode and adjusting an intensity of the electric field to
control an amount of light transmitted through the liquid
crystal panel. Since the LCD is not a self light-emitting dis-
play. the LCD typically includes a backlight unit, which func-
tions as a light source, disposed on a rear surface of the liquid
crystal panel.

[0007] In the LCD having the backlight unit, power con-
sumption of the backlight unit constitutes a considerable por-
tion of total power consumption of the LCD. In a mobile thin
film transistor (“TFT”) LCD, for example, power consump-
tion of the backlight unit is approximately 80% oftotal power
consumption of TFT LCD. To reduce power consumption of
the backlight unit, a method of controlling a luminance of the
backlight unit based on an intensity of external illumination is
being developed.

[0008] Inthe method, an optical sensor which measures the
intensity of the external illumination, such as a pin diode, is
built into the liquid crystal panel of the LCD using a polysili-
con TFT process. However, optical sensors, e.g., pin diodes,
exhibit different optical characteristics according to liquid
crystal panels that the optical sensors are built in. As a result,
each manufactured panel has an optical sensor having differ-
ent optical characteristics from other manufactured panels.
The optical characteristics of each optical sensor for each
panel may be measured in advance to correct for the different
optical characteristics of the optical sensor for each panel, but
this increases production costs of the LCD, reducing a pro-
duction efficiency thereof However, if the different optical
characteristics of the optical sensor for each panel are not
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corrected, each optical sensor cannot accurately measure the
intensity of the external light, and a resolution of the optical
sensor thereby deteriorates.

BRIEF SUMMARY OF THE INVENTION

[0009] A photosensor according to an exemplary embodi-
ment of the present invention included a read-out circuit and
adeterminer. The read-out circuit includes a first photosensor
which outputs a first reference current corresponding to an
intensity of a first reference light; a second photosensor which
outputs a second reference current corresponding to an inten-
sity of a second reference light; a third photosensor which
outputs an external light current corresponding to an intensity
of an external light; a first current memory which senses and
reproduces the first reference current; a second current
memory which senses and reproduces a difference between
the second reference current and the first reference current;
and a storage capacitor which charges during a first period of
time based on the difference between the second reference
current and the first reference current, and which discharges
during a second period of time based on a difference between
the external light current and the first reference current.
[0010] The determiner calculates the intensity of the exter-
nal light based on the intensity of the first reference light, the
intensity of the second reference light, a duration of the first
period of time and a duration of the second period of time.
[0011] A liquid crystal display (“LCD”) according to an
alternative exemplary embodiment of the present invention
includes a liquid crystal panel which displays an image; a
photosensor circuit which measures an intensity of external
light and includes a read-out circuit and a determiner; and a
backlight unit which provides backlight to the liquid crystal
panel.

[0012] The read-out circuit includes a first photosensor
which outputs a first reference current corresponding to an
intensity of a first reference light; a second photosensor which
outputs a second reference current corresponding to an inten-
sity of a second reference light; a third photosensor which
outputs an external light current corresponding to the inten-
sity of the external light; a first current memory which senses
and reproduces the first reference current; a second current
memory which senses and reproduces a difference between
the second reference current and the first reference current;
and a storage capacitor which charges during a first period of
time based on the difference between the second reference
current and the first reference current, and which discharges
during a second period of time based on a difference between
the external light current and the first reference current.
[0013] The determiner calculates the intensity of the exter-
nal light based on the intensity of the first reference light, the
intensity of the second reference light, a duration of the first
period of time and a duration of the second period of time.
[0014] A luminance of the backlight is controlled accord-
ing to the calculated intensity of the external light

[0015] According to another exemplary embodiment of the
present invention, a method of driving an LCD method
includes: generating a first reference current, corresponding
to an intensity of a first reference light, and sensing the first
reference current in a first part of a first section of an opera-
tion; reproducing the sensed first reference current in a sec-
ond part of the first section of the operation; outputting the
second reference current and sensing a difference between the
first reference current and the second reference current in a
first part of a second section of the operation; reproducing the
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sensed difference between the first reference current and the
second reference current in a second part of the second sec-
tion of the operation; receiving the reproduced sensed differ-
ence between the first reference current and the second ref-
erence current for a first period of time in a third section of the
operation; outputting a difference between an external light
current corresponding to an intensity of an external light and
the first reference current for a second period of time in a
fourth section of the operation; calculating the intensity of the
external light using the intensity of the first reference light,
the intensity of the second reference light, a duration of the
first period of time and a duration of the second period of
time; controlling a luminance of backlight according to the
calculated intensity of the external light; receiving the back-
light having the controlled luminance; and displaying a
desired image with the backlight.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and other aspects, features and advan-
tages of the present invention will become more readily
apparent by describing in further detail exemplary embodi-
ments thereof with reference to the accompanying drawings,
in which:

[0017] FIG. 1A is a block diagram of a liquid crystal dis-
play (“LLCD”) according to an exemplary embodiment of the
present invention;

[0018] FIG. 1B is a block diagram of a photosensor circuit
of the LCD according to the exemplary embodiment of the
present invention shown in FIG. 1A;

[0019] FIG. 2 is a schematic circuit diagram of a read-out
circuit of a photosensor circuit according to an exemplary
embodiment of the present invention;

[0020] FIG. 3 is a signal timing diagram of the read-out
circuit of the photosensor circuit according to the exemplary
embodiment of the present invention shown in FIG. 2 and a
corresponding graph of voltage versus time illustrating a
variation of a voltage in a storage capacitor of the read-out
circuit of the photosensor circuit according to the exemplary
embodiment of the present invention shown in FIG. 2;
[0021] FIGS. 4A through 4H are schematic circuit dia-
grams illustrating different operational states of the read-out
circuit according to the exemplary embodiment of the present
invention shown in FIG. 2;

[0022] FIG. 5 is a block diagram of a photosensor circuit
according to an alternative exemplary embodiment of the
present invention;

[0023] FIG. 6 is a plan view of an LCD according to an
exemplary embodiment of the present invention; and

[0024] FIG. 7 is a partial cross-sectional view taken along
line V-V' of the LCD according to the exemplary embodiment
of the present invention shown in FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

[0025] The invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
The present invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like ele-
ments throughout.

Mar. 12, 2009

[0026] It will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on another element, there are no intervening
elements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

[0027] It will be understood that although the terms “first,”
“second,” “third” etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the present invention.

[0028] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” or “includes” and/or “including,” when used
in this specification, specify the presence of stated features,
regions, integers, steps, operations, elements and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, regions, integers, steps, operations, ele-
ments, components and/or groups thereof

[0029] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top” may be used herein to describe
one element’s relationship to other elements as illustrated in
the Figures. It will be understood that relative terms are
intended to encompass different orientations of the device in
addition to the orientation depicted in the Figures. For
example, if the device in one of the figures is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on the “upper” side of the
other elements. The exemplary term “lower” can, therefore,
encompass both an orientation of “lower” and “upper,”
depending upon the particular orientation of the figure. Simi-
larly, if the device in one of the figures were turned over,
elements described as “below” or “beneath” other elements
would then be oriented “above” the other elements. The
exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0030] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which the present invention belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning which
is consistent with their meaning in the context of the relevant
art and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0031] Exemplary embodiments of the present invention
are described herein with reference to cross section illustra-
tions which are schematic illustrations of idealized embodi-
ments of the present invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
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Thus, embodiments of the present invention should not be
construed as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes which
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles
which are illustrated may be rounded. Thus, the regions illus-
trated in the figures are schematic in nature and their shapes
are not intended to illustrate the precise shape of a region and
are not intended to limit the scope of the present invention.
[0032] Hereinafter, exemplary embodiments of the present
invention will be explained in further detail with reference to
the accompanying drawings.

[0033] A liquid crystal display (“LCD”) having a photo-
sensor circuit according to an exemplary embodiment of the
present invention will now be described in further detail with
reference to FIGS. 1A and 1B. FIG. 1A is a block diagram of
an LCD according to an exemplary embodiment of the
present invention, and FIG. 1B is a block diagram of a pho-
tosensor circuit of the LCD according to the exemplary
embodiment of the present invention shown in FIG. 1A.
[0034] Referring to FIGS. 1A, an LCD 5 according to an
exemplary embodiment of the present invention includes a
liquid crystal panel 100, a photosensor circuit 95 and a back-
light unit 200. The liquid crystal panel 100 displays a desired
image using backlight supplied from the backlight unit 200.
The photosensor circuit 95 measures an intensity of external
light and transmits a signal proportional to the measured
intensity of the external light to the backlight unit 200.
[0035] Referring to FIG. 1B, the photosensor circuit 95
includes a read-out circuit 80, which receives the external
light and outputs a read-out signal to a determiner 90. The
determiner 90 receives the read-out signal and calculates the
signal proportional to the intensity of the external light which
is transmitted to the backlight unit 200 (FIG. 1A).

[0036] The backlight unit 200 is installed on a rear surface
of the liquid crystal panel 100 and supplies the backlight to
the liquid crystal panel 100 to display the desired image. A
luminance of the backlight is controlled based on the signal
proportional to the intensity of external light calculated by the
photosensor circuit 95.

[0037] In the LCD including the photosensor circuit 95
according to an exemplary embodiment of the present inven-
tion, the photosensor circuit 95 accurately measures the inten-
sity of the external light in real time, and the luminance of
backlight is thereby properly controlled based on the mea-
sured intensity of the external light.

[0038] Theread-out circuit 80 of the photosensor circuit 95
according to an exemplary embodiment of the present inven-
tion will now be described in further detail with reference to
FIG. 2. FIG. 2 is a schematic circuit diagram of a read-out
circuit 80 of a photosensor circuit according to an exemplary
embodiment of the present invention.

[0039] Referring to FIG. 2, the read-out circuit 80 of the
photosensor circuit 95 according to an exemplary embodi-
ment includes a first photosensor 1, a second photosensor 2, a
third photosensor 3, a first current memory 60, a second
current memory 70 and a storage capacitor Cstg.

[0040] As will be described in further detail below with
reference to FIGS. 3 through 4H, the first photosensor 1
outputs a first reference current 11 corresponding to a first
reference light, the second photosensor 2 outputs a second
reference current 12 corresponding to a second reference
light, and the third photosensor 3 outputs an external light
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current I3 corresponding to an external light. In an exemplary
embodiment, an intensity of each of the first reference light
and the second reference light is preset to a predetermined
value. For example, the intensity of the first reference light
may be preset for a light level in a dark room, and the intensity
of the second reference light may be preset for a backlight
intensity, but alternative exemplary embodiments are not lim-
ited thereto. While the intensities of the first reference light
and the second reference light are preset, an intensity of the
external light varies and is measured by the photosensor cir-
cuit 95.

[0041] Still referring to FIG. 2, the read-out circuit 80 fur-
ther includes a first current memory 60 and a second current
memory 70. In an exemplary embodiment, the first current
memory 60 and the second current memory 70 include a
metal oxide semiconductor (“MOS”) transistor 62 and 72,
respectively, a memory capacitor 64 and 74, respectively,
connected between a supply voltage Vdd and gate of the MOS
transistor 62 or 72, respectively, and a switch SWla and
SW2a, respectively, connected between a gate electrode and
a drain electrode of the MOS transistor 62 and 72, respec-
tively, as shown in FIG. 2.

[0042] The first current memory 60 and the second current
memory 70 are circuits which sense an input current, repro-
duce the sensed input current and output the sensed input
current. More specifically, the first current memory 60 senses
and reproduces the first reference current I1 output from the
first photosensor 1, and the second current memory 70 senses
and reproduces a difference between the second reference
current 12 output from the second photosensor 2 and the first
reference current 11 output from the first photosensor 1.
Operation of the first current memory 60 and the second
current memory 70 will be described in further detail below.
[0043] The storage capacitor Cstg charges based upon the
difference between the second reference current 12 and the
first reference current I1. Specifically, a current based on the
difference between the second reference current 12 and the
first reference current I1, which is reproduced and outputted
by the second current memory 70, as described above, flows
into the storage capacitor Cstg during a first period of time T1
(FIG. 3). Subsequently, the storage capacitor Cstg discharges
by a difference between the external light current I3 output
from the third photosensor 3 and the first reference current I1
reproduced by the first current memory 60, e.g., a current
based on the difference between the external light current 13
and the first reference current I1 flows out of the storage
capacitor Cstg during a second period of time T2 (FIG. 3).
[0044] The read-out circuit 80 may further include a buff-
ered direct injection circuit 50 which applies a bias voltage Vd
to the first photosensor 1, the second photosensor 2 or the
third photosensor 3. More specifically, the buffered direct
injection circuit 50 includes an operational amplifier 52 and a
MOS transistor 54. The bias voltage Vd is applied to a non-
inverting input terminal of the operational amplifier 52. An
inverting input terminal of the operational amplifier 52 is
connected to the first photosensor 1, the second photosensor
2 or the third photosensor 3 via a switch SW1b, SW2b or
SW3, respectively, and a source of the MOS transistor 54, as
shown in FIG. 2. In addition, an output terminal of the opera-
tional amplifier 52 is connected to a gate of the MOS transis-
tor 54.

[0045] The buffered direct injection circuit 50 applies the
bias voltage Vd to the first photosensor 1, the second photo-
sensor 2 or the third photosensor 3 of the read-out circuit 80.
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Since the operational amplifier 52 and the MOS transistor 54
are electrically connected to each other in a negative feedback
manner, as described above, the buffered direct injection cir-
cuit 50 stably applies the bias voltage Vd to the first photo-
sensor 1, the second photosensor 2 or the third photosensor 3.
[0046] The read-out circuit 80 may further include a reset
voltage input terminal 65 which inputs a reset voltage Vrst to
the read-out circuit 80 via a reset switch SWrst, as described
in further detail below.

[0047] Operation of the read-out circuit 80 will now be
described in further detail with reference to FIGS. 3 through
4H. FIG. 3 is a signal timing diagram of the read-out circuit 80
of the photosensor circuit according to the exemplary
embodiment of the present invention shown in FIG. 2 and a
corresponding graph of voltage versus time illustrating a
variation of a voltage in a storage capacitor of the read-out
circuit 80 of the photosensor circuit according to the exem-
plary embodiment of the present invention shown in FIG. 2.
FIGS. 4A through 4H are schematic circuit diagrams illus-
trating different operations of the read-out circuit 80 accord-
ing to the exemplary embodiment of the present invention
shown in FIG. 2. More specifically, FIGS. 4A through 4H
sequentially illustrate an operation of the of the read-out
circuit 80 in which the operation is divided into: a first section
having a first part and a second part thereof, a second section
having a first part and a second part thereof, a third section; a
fourth section; a fifth section; and a sixth section, as illus-
trated in FIG. 3. Thus, in an exemplary embodiment, the
read-out circuit 80 is driven base on the abovementioned
operation corresponding to the signal timing diagram shown
in FIG. 3, but alternative exemplary embodiments are not
limited thereto.

[0048] Referring to FIGS. 3 and 4A, in the first part of the
first section, the first reference current I1 is sensed. Specifi-
cally, the switch SW1a of the first current memory 60 and the
switch SW15 connected to the first photosensor 1 are closed,
and the first photosensor 1 thereby outputs the first reference
current I1 corresponding to the first reference light. Then, the
first current memory 60 senses the first reference current I1
output from the first photosensor 1. As a result, a current
flowing through a drain of the MOS transistor 62 of the first
current memory 60 changes, which in turn changes a voltage
at the gate of the MOS transistor 62. The changed voltage at
the gate of the MOS transistor 62 is applied to the memory
capacitor 64 of the first current memory 60.

[0049] Referring to FIGS. 3 and 4B, in the second part of
the first section, the first reference current I1 is reproduced by
the first current memory 60 when the switches SWla and
SW1b5 open, the first current memory 60 reproduces the first
reference current I1 sensed during the first part of the first
section. More specifically, when the switch SW1a of the first
current memory 60 opens, the voltage at the memory capaci-
tor 64 is maintained. As a result, the voltage at the memory
capacitor 64 corresponds to the first reference current I1
sensed by the MOS transistor 62 during the first part of the
first section. Therefore, since the voltage of the memory
capacitor 64 is applied to the gate of the MOS transistor 62,
the first reference current 11 sensed during the first part of the
first section is reproduced at the drain of the MOS transistor
62.

[0050] Referring to FIGS. 3 and 4C, in the first part of the
second section, a difference (12-11) between the first refer-
ence current 11 and the second reference current 12 is sensed.
Specifically, switches SW2a, SW2b, SW4 and SW5 are
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closed, and the second photosensor 2 outputs the second
reference current 12 corresponding to the second reference
light. Since the first current memory 60 is reproducing the
first reference current I1, the second current memory 70
senses the difference between the second reference current [2
output from the second photosensor 2 and the first reference
current 11 reproduced by the first current memory 60 accord-
ing to Kirchhoff’s current law. The second current memory 70
operates based on substantially the same operating principle
as that of the first current memory 60, and thus a repetitive
description of the operation of the second current memory 70
will be omitted herein.

[0051] Referring to FIGS. 3 and 4D, in the second part of
the second section, the difference (12-11) between the first
reference current 11 and the second reference current 12 is
reproduced. Specifically, switches SW2a and SW2b open,
while switches SW4 and SW5 remain closed. Thus, the sec-
ond current memory 70 reproduces the difference between
the first reference current I1 and the second reference current
12 which is sensed during the first part of the second section
(FIG. 4C). Again, since the second current memory 70 oper-
ates based on substantially the same operating principle as
that of the first current memory 60, a detailed description of
the operation thereof will be omitted herein.

[0052] Referring to FIGS. 3 and 4E, in the third section, the
storage capacitor Cstg is reset. Specifically. the switch SW3
and the reset switch SWrst are closed (the switches SW4 and
SW5 remain closed) and the reset voltage Vrst is thereby
applied to the storage capacitor Cstg by the reset voltage input
terminal 65 via the closed reset switch SWrst. Thus, a accu-
mulated in the storage capacitor Cstg flows out through a
closed loop formed when the switch SW3 is closed, and a
voltage of the storage capacitor Cstg is thereby reset to the
reset voltage Vrst.

[0053] Referring to FIGS. 3 and 4F, in the fourth section,
the storage capacitor Cstg is charged up to a voltage Vx.
Specifically, the switches SW3, SW4 and SWrst remain
closed while the switch SW5 is opened, and the difference
between the first reference current I1 and the second reference
current 12, which is reproduced by the second current
memory 70, flows into the storage capacitor Cstg. As a result,
the storage capacitor Cstg is charged up to the voltage Vx
during the first period of time T1 (FIG. 3).

[0054] Referring to FIGS. 3 and 4G, in the fifth section, the
voltage of the storage capacitor Cstg is maintained at substan-
tially the voltage Vx. Specifically, the switch SW3 remains
closed while the reset switch SWrst and the switch SW5 are
opened. Therefore, no current flows into or out of the storage
capacitor Cstg, since the switches SW4 and SW5 are open,
and the voltage of the storage capacitor Cstg is thereby main-
tained substantially at the voltage Vx.

[0055] Referring to FIGS. 3 and 4H, in the sixth section, the
storage capacitor Cstg is discharged to the reset voltage Vrst.
Specifically, the switch SW5 is closed while the switch SW3
remains closed, and electric charges accumulated in the stor-
age capacitor Cstg flow out of the storage capacitor Cstg
through a closed loop formed due to the switches SW3 and
SW5 being closed. The difference (I3-11) between the exter-
nallight current I3 output from the third photosensor 3 and the
first reference current I1 reproduced by the first current
memory 60 thereby flows out of the storage capacitor Cstg,
and the storage capacitor Cstg is discharged. A voltage at the
storage capacitor Cstg drops to some value via the reset
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voltage Vrst. A second period of time T2 (FIG. 3) is the time
when the voltage at the storage capacitor Cstg becomes the
reset voltage Vrst.

[0056] Hereinafter, a process of measuring an intensity of
external light using the read-out circuit 80 described in
greater detail above will be mathematically described in fur-
ther detail.

[0057] Ingeneral, an external light current Ipd(X) based on
an intensity of an external light X may be defined by Equation
(1) below.

Ipd(Xy=mX+n 1)

[0058] where an inclination m and an offset n each has a
different value for each liquid crystal panel.

[0059] InEquation(1),ifintensities ofa first reference light
and a second reference light are indicated by reference char-
acters A and B, respectively, and a first reference current and
a second reference current, respectively, corresponding to the
first reference light and the second reference light, respec-
tively, and indicated by Ipd(A) and Ipd(B), respectively, the
inclination m and the offset n can be obtained using Equations
(2) and (3) below.

m=(Ipd(B)-Ipd(4))/(B-A) 2)

n=Ipd(4) (3)

[0060] In Equations (2) and (3), it is assumed that the first
reference current is based on a dark light current and that the
intensity of the first reference light is zero.

[0061] As will now be described in further detail with
respect to FIG. 3, the following equations may be derived
from the graph of FIG. 3 showing a variation in a storage
capacitor Cstg voltage Vout according to the signal timing
diagram thereof and described in further detail above with
respect to operation of the of the read-out circuit 80 according
to an exemplary embodiment of the present invention.
[0062] Referring to FIG. 3, the storage capacitor Cstg is
charged for the first period of time T1 until its voltage is
increased from the reset voltage Vrst to the voltage Vx. Then,
the storage capacitor Cstg is discharged for the second period
of time T2 until its voltage is reduced from the voltage Vx to
the reset voltage Vrst. Hence, a magnitude of change in volt-
age of the storage capacitor Cstg for the first period of time T1
is substantially equal to a magnitude of change in voltage of
the storage capacitor Cstg for the second period of time T2, as
shown in FIG. 3. Put another way, an amount of electric
charges flowing into, e.g., charged into, the storage capacitor
Cstg for the first period of time T1 is substantially equal to that
of an amount of electric charges flowing out of, e.g., dis-
charged from, the storage capacitor Cstg for the second
period of time T2, as defined by Equation (4) below.

[pd(B)~Ipd( )] *T1=[Ipd(X)-Ipd(4)]*T2 @

[0063] When Equations (1) through (3) are substituted into
Equation (4), Equation (5) below is obtained.

T2=T1*(B-4)X )

[0064] where values of the intensity of the first reference
light A and the intensity of the second reference light B and a
value of the first period of time T1 are preset. Therefore, if a
duration of the second period of time T2 is measured, the
intensity of the external light X can be calculated. When the
intensity of the external light X of the external light is calcu-
lated using Equation (5), the inclination m and the offset n are
automatically reflected, wherein the inclination m and the
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offset n are characteristic values of each individual liquid
crystal panel manufactured and have different values for each
liquid crystal panel manufactured.

[0065] Since the read-out circuit 80 included in the photo-
sensor circuit 95 which measures an intensity of an external
light is an analog-type circuit, it can be simply designed and
easily implemented on a panel of the LCD 5 according to an
exemplary embodiment of the present invention. In addition,
since the intensity of the external light is measured in real
time, there is no need to store additional data, as is required to
correct a photosensor according to an LCD of the prior art.
[0066] Hereinafter, a photosensor circuit 95 including a
read-out circuit 80 substantially similar to the read-out circuit
80 described above will be described in further detail with
reference to FIGS. 2, 3 and 5. FIG. 5 is a block diagram of a
photosensor circuit according to an alternative exemplary
embodiment of the present invention.

[0067] Referring to FIGS. 3 and 5, a photosensor circuit 95
according to an alternative exemplary embodiment includes a
read-out circuit 80 and a determiner 90. A timing controller
(“T-con”) 92 receives a main clock signal 92 from an outside
source (not shown) and supplies a plurality of T-con signals to
the read-out circuit 80. The plurality of T-con includes a first
T-con signal ®1, a second T-con signal @2, a third T-con
signal @3, a fourth T-con signal @4, a fifth T-con signal ®5
and a reset T-con signal ®rst. The plurality of T-con signals
controls an operation of the read-out circuit 80 which there-
after outputs a storage capacitor voltage Vout.

[0068] The determiner 90 includes a comparator 84, a
counter 86 and an operator 88. Specifically, the determiner 80
calculates, e.g., determines, an intensity of an external light X
based on intensities of a first reference light and a second
reference light during a first period of time T1 and a second
period of time T2, as described above in greater detail with
reference to FIGS. 3 and 4A through 4H.

[0069] More specifically with reference to FI1G. 5, the com-
parator 84 compares a reset voltage Vrst to the storage capaci-
tor voltage Vout output from the read-out circuit 80 and pro-
vides a disable sighal DEN to the counter 86 when the storage
capacitor voltage Vout is substantially equal to the reset volt-
age Vrst.

[0070] The counter 86 is enabled when the storage capaci-
tor voltage Vout begins to discharge, e.g., in the fifth section
(FIG. 3), and thereby measures a duration of the second
period of time T2 from when the counter 86 is enabled to
when the counter 86 receives the disable signal DEN from the
comparator 84.

[0071] The operator 88 receives the measured duration of
the second period of time T2 from the counter 86, multiplies
a difference between the preset, e.g., predetermined, intensi-
ties of the first reference light and the second reference light,
by a preset, e.g., predetermined duration of the first period of
time T1, and divides the result of the multiplied difference by
the duration of the measured second period of time T2,
thereby calculating the intensity of the external light X.
[0072] The calculated intensity of the external light X is
then provided to a backlight luminance control device (not
shown), and the backlight luminance control device controls
a luminance of backlight from a backlight unit (FIG. 1A)
based on the calculated intensity of the external light X.
[0073] Hereinafter, an LCD according to an exemplary
embodiment of the present invention will be described with
reference to FIGS. 6 and 7. FIG. 6 is a plan view of an LCD
according to an exemplary embodiment of the present inven-
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tion. FIG. 7 is a partial cross-sectional view taken along line
V-V'of the LCD according to the exemplary embodiment of
the present invention shown in FIG. 6.

[0074] Referring to FIGS. 6 and 7, an LCD 5§ according to
an exemplary embodiment includes a liquid crystal panel
100, a photosensor circuit 95 (FIGS. 1A and 1B) and a back-
light unit 200.

[0075] Theliquidcrystal panel 100 includes a first substrate
110 having a plurality of pixel electrodes 112 disposed
thereon, a second substrate 120 having a common electrode
122, and a liquid crystal layer 130 injected between the first
substrate 110 and the second substrate 120.

[0076] The backlight unit 200 supplies backlight to the
liquid crystal panel 100 and includes a light source 202, a
light guide plate 204, and an optical sheet 206.

[0077] The light source 202 may be a plurality of light-
emitting diodes and emit light to the light guide plate 204. The
light output from the light- source 202 is input to an incident
surface of the light guide plate 204, and the other surfaces of
the light guide plate 204 reflect and thus diffuse the light in all
directions, ultimately, to the optical sheet 206.

[0078] The optical sheet 206 includes a diffusion sheet and
aprism sheet. The optical sheet 206 diffuses the light from the
light guide plate 204 to a bottom surface of the liquid crystal
panel 100.

[0079] 1Inanexemplary embodiment, the first substrate 110
includes a first light-blocking region 40 which blocks back-
light. The first light-blocking region 40 may be formed, for
example, as a backlight unit tape 114, but is not limited
thereto. The backlight unit tape 114 attaches the liquid crystal
panel 100 to the backlight unit 200 and blocks backlight from
reaching the liquid crystal panel 100.

[0080] The second substrate 120 also includes a second
light-blocking region 30 which blocks external light. The
second light-blocking region 340 may include a black matrix
124, for example, but is not limited thereto. The black matrix
124 prevents light from transmitting through or between pix-
els and increases a contrast ratio of the LCD 5.

[0081] In an alternative exemplary embodiment, the back-
light unit tape 114 which attaches the first substrate 110 and
the second substrate 120 to each other maybe formed sub-
stantially the same as a seal member 116, described in further
detail below.

[0082] The liquid crystal panel 100 may be divided into a
display region 10 and a non-display region 20. The display
region 10 corresponds to an area wherein the pixel electrodes
112 are disposed and an image is thereby displayed. The
display region 10 includes a plurality of gate lines (not
shown) arranged in a first direction, a plurality of data lines
(not shown) arranged in a second direction substantially per-
pendicular to the first direction and a plurality of pixels (not
shown) disposed substantially at intersections of gate lines
and data lines of the plurality of gate lines and the plurality of
data lines, respectively.

[0083] The non-display region 20 is disposed on a periph-
eral area of the display region 10, e.g., substantially surrounds
the display region 10, as shown in FIG. 6. An image is not
displayed in the non-display region 20. The non-display
region 20 may include the first light-blocking region 40 and
the second light-blocking region 30.

[0084] The first light-blocking region 40 may be formed,
forexample, by disposing the backlight unit tape 114 between
the liquid crystal panel 100 and the backlight unit 200. The
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second light-blocking region 30 may be formed, for example,
as the black matrix 124 and/or the seal member 116.

[0085] As described above, the first light-blocking region
40 blocks backlight, and the second light-blocking region 30
blocks external light. Thus, a region in which the first and
second light-blocking regions 30 and 40 overlap each other
blocks both the backlight and the external light.

[0086] In an exemplary embodiment, the first photosensor
1, the second photosensor 2 and the third photosensor 3 of the
photosensor circuit 95 (FIG. 1A) are disposed in the non-
display region 20. Specifically, the first photosensor 1 is dis-
posed in a region in which the first light-blocking regions 40
and the second light-blocking region 30 overlap, and the
second photosensor 2 is disposed only in the second light-
blocking region 30. In this case, the first photosensors 1 and
the second photosensor 2 receive a dark light and a relatively
bright light, respectively. The dark light and the bright light
may be referred 1o as a first reference light and a second
reference light, as described above. The third photosensor 3 is
disposed in the first light-blocking region 40, and is thereby
exposed to an external light while remaining unexposed to
backlight of the LCD 5, and thus outputs an external light
current.

[0087] Inanalternative exemplary embodiment, the second
photosensor 2 receives a relatively bright light from an addi-
tional light source (not shown) instead of the light source 202.
When the additional light source is used, light other than
backlight is therefore referred to as a second reference light.
In this case, the first photosensor 1 and the third photosensor
3 must be shielded from the additional light source.

[0088] In the LCD 5 according to an exemplary embodi-
ment the first photosensor 1, the second photosensor 2 and the
third photosensor 3 are pin photodiodes, but alternative exem-
plary embodiments are not limited thereto. The pin photo-
diodes may be implemented in a polysilicon thin film transis-
tor (“TFT”) process. In this case, the pin photodiodes can be
simply implemented into the read-out circuit 80.

[0089] The first photosensor 1, the second photosensor 2
and the third photosensor 3 may be implemented adjacent to
each other on the first substrate 10 of the liquid crystal panel
100. Therefore, variations in variables which affect optical
characteristics of the first photosensor 1, the second photo-
sensor 2 and the third photosensor 3 are substantially reduced.
Thus, errors caused by the variables are effectively reduced.
The variables may include, for example, non-uniform optical
characteristics of the liquid crystal panel 100, temperature
changes due to the generation of backlight and a brightness
variation of the backlight unit 200, but are not limited thereto.
[0090] Thus, inthe LCD S5 according to exemplary embodi-
ments of the present invention as described herein, a lumi-
nance of backlight of a backlight unit 200 is controlled
according to an intensity of an external light which is calcu-
lated by a photosensor circuit 95. Since the photosensor cir-
cuit 95 accurately calculates the intensity of the external light
in real time, a luminance of the backlight can be properly
controlled.

[0091] The present invention should not be construed as
being limited to the exemplary embodiments set forth herein.
Rather, these exemplary embodiments are provided so that
this disclosure will be thorough and complete and will fully
convey the concept of the present invention to those skilled in
the art.

[0092] The exemplary embodiments described herein
should be considered in a descriptive sense only and not for
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purposes of limitation. Therefore, while the present invention
has been particularly shown and described with reference to
exemplary embodiments thereof, it will be understood by
those of ordinary skill in the art that various changes in form
and details may be made therein without departing from the
spirit or scope of the present invention as defined by the
following claims.

What is claimed is:
1. A photosensor circuit comprising:
a read-out circuit comprising:
a first photosensor which outputs a first reference current
corresponding to an intensity of a first reference light;
a second photosensor which outputs a second reference
current corresponding to an intensity of a second ref-
erence light;
a third photosensor which outputs an external light cur-
rent corresponding to an intensity of an external light;
a first current memory which senses and reproduces the
first reference current;
asecond current memory which senses and reproduces a
difference between the second reference current and
the first reference current; and
a storage capacitor which charges during a first period of
time based on the difference between the second ref-
erence current and the first reference current, and
which discharges during a second period of time
based on a difference between the external light cur-
rent and the first reference current; and
a determiner which calculates the intensity of the exter-
nal light based on the intensity of the first reference
light, the intensity of the second reference light, a
duration of the first period of time and a duration of
the second period of time.
2. The photosensor circuit of claim 1, wherein
an operation of the read-out circuit is temporally divided
into a plurality of sections, the plurality of sections com-
prising:
a first section having a first part and a second part;
a second section having a first part and a second part;
a third section; and
a fourth section,
the first photosensor outputs the first reference current and
the first current memory senses the first reference cur-
rent in the first part of the first section,
the first current memory reproduces the sensed first refer-
ence current in the second part of the first section,
the second photosensor outputs the second reference cur-
rent and the second current memory senses the differ-
ence between the first reference current and the second
reference current in the first part of the second section,
the second current memory reproduces the sensed differ-
ence between the first reference current and the second
reference current in the second part of the second sec-
tion,
the storage capacitor charges during the first period of time,
based on the reproduced sensed difference between the
first reference current and the second reference current,
in the third section, and
the storage capacitor discharges during the second time
period, based on the difference between the external
light current and the first reference current, in a fourth
section.
3. The photosensor circuit of claim 2, wherein
areset voltage is applied to the storage capacitor between
the second part of the second section and the third sec-
tion, and
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the storage capacitor discharges to a voltage level substan-
tially equal to the reset voltage during the second period
of time in the fourth section.

4. The photosensor circuit of claim 1, wherein the read-out
circuit further comprises a buffered direct injection circuit
which applies a bias voltage to at least one of the first photo-
sensor, the second photosensor and the third photosensor.

5. The photosensor circuit of claim 1, wherein the first
current memory and the second current memory comprise:

a metal oxide semiconductor transistor;

a memory capacitor connected to a gate of the metal oxide
semiconductor transistor; and

a switch connected between the gate of the metal oxide
semiconductor transistor and a drain of the metal oxide
semiconductor transistor.

6. The photosensor circuit of claim 3, wherein the deter-

miner comprises:

a comparator which compares the reset voltage to a voltage
level of the storage capacitor and generates a disable
signal when the voltage level of the storage capacitor is
substantially equal to the reset voltage;

a counter which measures a duration of the second period
of time based on an elapsed time between when the
storage capacitor begins to discharge and when the com-
parator generates the disable signal; and

an operator which calculates the intensity of the external
light using a predetermined intensity of the first refer-
ence light, a predetermined intensity of the second ref-
erence light, a predetermined duration of the first period
of time and the measured duration of the second period
of time.

7. The photosensor circuit of claim 6, wherein the operator
calculates the intensity of the external light by multiplying a
difference between the predetermined intensity of the first
reference light and the predetermined intensity of second
reference light by the predetermined duration of the first
period of time and divides the multiplied difference by the
duration of the second period of time measured by the
counter.

8. A liquid crystal display comprising:

a liquid crystal panel which displays an image;

a photosensor circuit which measures an intensity of exter-
nal light and comprises a read-out circuit and a deter-
miner; and

a backlight unit which provides backlight to the liquid
crystal panel, wherein the read-out circuit comprises:
afirst photosensor which outputs a first reference current

corresponding to an intensity ofa first reference light;

a second photosensor which outputs a second reference
current corresponding to an intensity of a second ref-
erence light;

a third photosensor which outputs an external light cur-
rent corresponding to the intensity of the external
light;

a first current memory which senses and reproduces the
first reference current;

asecond current memory which senses and reproduces a
difference between the second reference current and
the first reference current; and

a storage capacitor which charges during a first period of
time based on the difference between the second ref-
erence current and the first reference current, and
which discharges during a second period of time
based on a difference between the external light cur-
rent and the first reference current,
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the determiner calculates the intensity of the external light
based on the intensity of the first reference light, the
intensity of the second reference light, a duration of the
first period of time and a duration of the second period of
time, and

a luminance of the backlight is controlled according to the

calculated intensity of the external light.

9. The liquid crystal display of claim 8, wherein the exter-
nal light and the backlight are blocked from the first photo-
sensor, the backlight is provided to the second photosensor,
and the external light is provided to the third photosensor.

10. The liquid crystal display of claim 8, wherein

the liquid crystal panel comprises a display region and a

non-display region,

the non-display region comprises a first light-blocking

region which blocks the backlight and a second light-
blocking region which blocks the external light,

the first light-blocking region blocks the external light from

reaching the first photosensor and the second photosen-
sor, and

the second light-blocking region blocks the backlight from

reaching the first photosensor and the third photosensor.

11. The liquid crystal display of claim 10, wherein the first
light-blocking region is a backlight unit tape attached to the
liquid crystal panel and the backlight.

12. The liquid crystal display of claim 10, wherein the
second light-blocking region is a black matrix.

13. The liquid crystal display of claim 8, wherein at least
one of the first photosensor, the second photosensor and the
third photosensor comprise a pin photodiode.

14. The liquid crystal display of claim 8, wherein at least
wo of the first photosensor, the second photosensor and the
third photosensor are disposed adjacent to each other in the
liquid crystal panel.

15. The liquid crystal display of claim 8, wherein

an operation of the read-out circuit is temporally divided

into a plurality of sections, the plurality of sections com-
prising:
a first section having a first part and a second part;
a second section having a first part and a second part;
a third section; and
a fourth section,
the first photosensor outputs the first reference current and
the first current memory senses the first reference cur-
rent in the first part of the first section,

the first current memory reproduces the sensed first refer-

ence current in the second part of the first section,
the second photosensor outputs the second reference cur-
rent and the second current memory senses the differ-
ence between the first reference current and the second
reference current in the first part of the second section,

the second current memory reproduces the sensed differ-
ence between the first reference current and the second
reference current in the second part of the second sec-
tion,

the storage capacitor charges during the first period of time,

based on the reproduced sensed difference between the
first reference current and the second reference current,
in the third section, and

the storage capacitor discharges during the second time

period, based on the difference between the external
light current and the first reference current, in a fourth
section.

16. The liquid crystal display of claim 15, wherein

a reset voltage is applied to the storage capacitor between

the second part of the second section and the third sec-
tion, and

Mar. 12, 2009

the storage capacitor discharges to a voltage level substan-
tially equal to the reset voltage during the second period
of time in the fourth section.

17. The liquid crystal display of claim 8, wherein the read-
out circuit further comprises a buffered direct injection circuit
which applies a bias voltage to at least one of the first photo-
sensor, the second photosensor and the third photosensor.

18. The liquid crystal display of claim 8, wherein the deter-
miner comprises:

a comparator which compares the reset voltage to a voltage
level of the storage capacitor and generates a disable
signal when the voltage level of the storage capacitor is
substantially equal to the reset voltage;

a counter which measures a duration of the second period
of time based on an elapsed time between when the
storage capacitor begins to discharge and when the com-
parator generates the disable signal; and

an operator which calculates the intensity of the external
light using a predetermined intensity of the first refer-
ence light, a predetermined intensity of the second ref-
erence light, a predetermined duration of the first period
of time and the measured duration of the second period
of time.

19. A method of driving a liquid crystal display, the method

comprising;

generating a first reference current, corresponding to an
intensity of a first reference light, and sensing the first
reference current in a first part of a first section of an
operation;

reproducing the sensed first reference current in a second
part of the first section of the operation;

outputting the second reference current and sensing a dif-
ference between the first reference current and the sec-
ond reference currentin a first part of a second section of
the operation;

reproducing the sensed difference between the first refer-
ence current and the second reference current ina second
part of the second section of the operation;

receiving the reproduced sensed difference between the
first reference current and the second reference current
for a first period of time in a third section of the opera-
tion;

outputting a difference between an external light current
corresponding to an intensity of an external light and the
first reference current for a second period of time in a
fourth section of the operation;

calculating the intensity of the external light using the
intensity of the first reference light, the intensity of the
second reference light, a duration of the first period of
time and a duration of the second period of time;

controlling a luminance of backlight according to the cal-
culated intensity of the external light;

receiving the backlight having the controlled luminance;
and

displaying a desired image with the backlight.

20. The method of claim 19, wherein the calculating of the
intensity of the external light comprises:

measuring the duration of the second period of time;

multiplying a difference between the intensity of the first
reference light and the second reference light by the
duration of the first period of time; and

dividing the multiplied difference by the duration of the
second period of time.
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