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7) ABSTRACT

To enable acquisition of image data in multiple tone levels
in a short capturing time, a liquid crystal display device 1
includes a photodiode having sensitivity R, a capacitor
having capacitance C and configured to store a charge in
response to an electric signal converted by the photodiode in
a state where an initial voltage V is applied thereto, a SRAM

(73)  Assignee: Toshiba Matsushita Display Technol- configured to retain binary data which indicate as to whether
ogy Co., Ltd., Tokyo (JP) . .
or not an amount of charge stored in the capacitor is equal
(21) Appl. No.: 10/998,836 to or above a threshold voltage Vth, an image capturing
’ control unit 5 configured to generate pixel data in multiple
(22) Filed: Nov. 30, 2004 tone levels based on the binary data outputted from the
SRAM of a plurality of adjacent pixels. Here, at least any
(30) Foreign Application Priority Data one value of R, V, C, and Vth in each of the pixels is set to
a different value from relevant values of other adjacent
Dec. 12,2003 (JP) covevrevevrreccevervecerenee P2003-414615 pixels.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2003-414615 filed on Dec. 12, 2003; the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a liquid crystal
display device provided with an image capturing function.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display device is constituted by a
glass array substrate including a pixel array unit in which
pixels are arranged at respective intersections of a plurality
of signal lines and a plurality of scan lines, a glass counter
substrate disposed opposite to this array substrate, and a
liquid crystal layer retained in a space between the array
substrate and the counter substrate.

[0006] In recent years, the manufacturing technique for
forming thin film transistors (TFTs) made of a polysilicon
material on the array substrate has been established, and the
process technique for forming driving circuits to drive the
signal lines and the scan lines onto the single array substrate
together with the pixel array unit has been put to practical
use. In this way, the entire liquid crystal display devices
become lighter and smaller, and are used in various devices
such as cellular telephones or notebook computers.

[0007] Incidentally, there is proposed a liquid crystal dis-
play device in which a pixel array unit includes a coherent
optical sensor for capturing an image (such as Japanese
Unexamined Patent Publication No. H8(1996)-272529). In
the liquid crystal display device of this type, a capacitor is
connected to an optical sensor configured to flow a current
corresponding to irradiation intensity, a amount of charge in
this capacitor is changed in response to an amount of light
received by the optical sensor, image data are acquired by
detecting voltages at both terminals of the capacitor, and the
image data are captured into a static random access memory
(SRAM).

[0008] However, the SRAM can only distinguish binary
values of “0” and “1”. Accordingly, in order to acquire the
image data in multiple tone levels, it is necessary to capture
the image for multiple times while varying conditions. As a
result, the time required for image capturing is increased,
and it is difficult to capture a subject stably.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0009] An object of the present invention is to provide a
liquid crystal display device, which is capable of acquiring
image data in multiple tone levels in a short time period for
image capturing.

[0010] Aliquid crystal display device of the present inven-
tion includes: a plurality of pixels; optical sensors estab-
lished corresponding to each of the pixels, each optical
sensor having sensitivity R and configured to convert
accepted light into an electric signal; charge storage units
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established corresponding to each of the optical sensors,
each charge storage unit having capacitance C and config-
ured to store a charge in response to the electric signal
converted by the optical sensor in a state where an initial
voltage V is applied thereto; retention units established
corresponding to each of the charge storage unit, each
retention unit configured to retain binary data which indicate
as to whether or not an amount of charge stored in the charge
storage unit is equal to or above a threshold voltage Vth; and
an image capturing control unit configured to generate pixel
data in multiple tone levels, based on the binary data
outputted from each of the retention units of the plurality of
adjacent pixels by image capturing for N times, wherein at
least any one value of sensitivity R, capacitance C, an initial
voltage V, and the threshold voltage Vth in each of the pixels
is set to a different value from relevant values of other
adjacent pixels.

[0011] According to the invention, it is possible to
increase tone level information of the image data acquired in
one image capturing by generating the pixel data in multiple
tone based on the binary data acquired from the plurality of
adjacent pixels having mutually different values of the
respective parameters.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a block diagram showing a configuration
of a liquid crystal display device according to one embodi-
ment of the present invention.

[0013] FIG. 2 is a circuit diagram showing a configuration
of one pixel in a pixel array unit.

[0014] FIG. 3 is a circuit diagram showing a configuration
of the pixel array unit when changing respective parameters
depending on the pixels.

[0015] FIG. 4 is a graph showing a relation between an
image capturing number n and a boundary value [(n) of
irradiation intensity.

[0016] FIG. 5 is a graph showing a relation between the
image capturing number n and the boundary value I(n) of
the irradiation intensity when changing a value of C depend-
ing on the respective pixels.

[0017] FIG. 6 is a graph showing a relation between the
image capturing number n and the boundary value L(n) of
the irradiation intensity when setting k=1.

[0018] FIG. 7 is a graph showing a relation between the
image capturing number n and the boundary value L(n) of
the irradiation intensity when setting k=13.

DESCRIPTION OF THE EMBODIMENT

[0019] As shown in a block diagram of FIG. 1, a liquid
crystal display device 1 of this embodiment includes a
controller 2, a signal line driver (an X driver) 3, a scan line
driver (a Y driver) 4, an image capturing control unit 5, and
a pixel array unit 6.

[0020] In the pixel array unit 6, a plurality of signal lines
and a plurality of scan lines are arranged to intersect one
another, and pixels are provided at the respective intersec-
tions.

[0021] The controller 2 has a function to supply a display
signal, an X driver control signal, and a clock signal to the
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signal line driver 3, a function to supply a Y driver control
signal and the clock signal to the scan line driver 4, and a
function to supply a control signal for instructing the image
capturing control unit 3 to capture an image and thereby to
generate image data of a subject by use of pixel data in
multiple tone levels which are outputted from the image
capturing control unit 5.

[0022] The signal line driver 3 includes output lines each
of which is connected to each of the signal lines in the pixel
array unit 6. Moreover, the signal line driver 3 has a function
to supply a display signal to each of the signal lines, based
on the clock signal and the X driver control signal which are
supplied from the controller 2.

[0023] The scan line driver 4 includes output lines each of
which is connected to each of the scan lines in the pixel array
unit 6. Moreover, the scan line driver 4 has a function to
supply a scan signal for driving each of the scan lines to each
of the scan lines, based on the clock signal and the Y driver
control signal which are supplied from the controller 2.

[0024] The image capturing control unit 5 has a function
to output a signal for starting image capturing of a subject
disposed in front of a screen, to each of the pixels, based on
the control signal supplied from the controller 2, and a
function to generate and output pixel data in multiple tone
levels as a piece of data outputted from one pixel, based on
binary data outputted from each SRAM (static random
access memory) 13 in each of the mutually adjacent pixels
in a predetermined number (longitudinal p piecesxlateral g
pieces).

[0025] As shown in FIG. 2, one pixel in the pixel array
unit 6 includes: a photodiode 11; a capacitor 12; an SRAM
13 for retaining binary data in response to an amount of
charge stored in the capacitor 12; and an initialization TFT
15 for controlling an initial charge in the capacitor 12,
collectively as an image capturing circuit. The pixel in the
pixel array unit 6 also includes: a storage capacitor 18 for
storing the charge corresponding to a display signal; a liquid
crystal capacitor 19 connected to the storage capacitor 18
through a pixel electrode 20; a pixel TFT 14 for controlling
output or non-output of the display signal supplied to a
signal line Sig(n) to the pixel electrode 20; and a display
control TFT 17 for controlling whether or not the charge is
stored in the storage capacitor 18, collectively as a display
circuit.

[0026] The photodiode 11 is an example of an optical
sensor, which has sensitivity R and converts the accepted
light into an electric signal.

[0027] The capacitor 12 has capacitance C and stores the
charge in response to the electric signal converted by the
photodiode 11 in a state where an initial voltage V is applied
thereto.

[0028] The SRAM 13 retains the binary data which indi-
cate as to whether or not the amount of charge stored in the
capacitor 12 is equal to or above a threshold voltage Vth for
the SRAM 13.

[0029] This SRAM 13 is formed by connecting two
inverter circuits in series. A data retention TFT 16 for
controlling retention of the binary data in the SRAM 13 is
connected between an output terminal of the latter inverter
circuit, and, a node of a source electrode of the pixel TFT 14
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and a drain electrode of the initialization TFT 15. The two
inverter circuits are respectively connected to a power
source line JVDD and a power source line JVSS. An input
terminal of the former inverter circuit is connected to a
control line L extending from a source electrode of the TFT
15.

[0030] A cathode terminal of the photodiode 11 is con-
nected to the control line L, and an anode terminal of the
photodiode 11 is connected to the power source line JVSS.
The capacitor 12 is connected between the power source line
JVSS and the control line L, and a drain electrode of the
pixel TFT 14 is connected to the signal line Sig(n).

[0031] A gate electrode of the data retention TFT 16 is
connected to a control line SFB (SRAM Feed Back), and a
gate electrode of the initialization TFT 15 is connected to a
control line CRT (Capacitor Reset Transistor).

[0032] A gate electrode of the pixel TFT 14 is connected
to a scan line Gate(m), and the source electrode of the pixel
TFT 14 is connected to the drain electrode of the initializa-
tion TFT 15 and to a drain electrode of the display control
TFT 17. A gate electrode of the display control TFT 17 is
connected to a control line PCC (Pixel Cs Connection), and
the storage capacitor 18 and the liquid crystal capacitor 19
are connected between a source electrode of the display
control TFT 17 and a storage capacitor line CS.

[0033] An image capturing operation in the pixel having
the above-described configuration will be carried out as
follows.

[0034] Firstly, a predetermined amount of charge is stored
in the capacitor 12 in advance. Then, a photo-leakage current
is generated in response to irradiation intensity of the light
when the light is irradiated on the photodiode 11, whereby
the amount of charge stored in the capacitor 12 is reduced.
A piece of the binary data indicating any of “0” or “1” is
generated depending on whether or not the reduced amount
of stored charge is equal to or above a threshold value for the

inverter circuit, and the piece of binary data is retained in the
SRAM 13.

[0035] Whether the piece of binary pixel data represents
“1” or “0” depends on the irradiation intensity of the light,
the sensitivity R of the photodiode 11, the initial voltage V
of the capacitor 12, the capacitance C of the capacitor 12,
and the threshold voltage Vth of the inverter constituting the
SRAM 13.

[0036] However, in a conventional liquid crystal display
device, the respective parameters of the sensitivity R, the
initial voltage V, the capacitance C, and the threshold
voltage Vth have been set equal in each pixel. Accordingly,
whether the piece of binary pixel data represents “1” or “0”
solely depends on the irradiation intensity of the light.
Therefore, it has been possible to acquire only one tone level
as tone information.

[0037] On the contrary, in the liquid crystal display device
of this embodiment, at least any one value of the parameters
of the sensitivity R, the initial voltage V, a coefficient of
capacitance C, and the threshold voltage Vth is set to
different values among a plurality of mutually adjacent
pixels. Moreover, the binary data acquired by the SRAM 13
for each pixel are treated as the pixel data for one pixel. In
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this way, it is possible to increase tone information of image
data acquired in one image capturing.

[0038] For example, as shown in FIG. 3, three pixels
aligned in a lateral direction are formed into one set, and the
respective parameters in the respective pixels are varied as
R,, V,, €y, Vth)), (R,, Vs, C,, Vih,), and (R4, V5, C,,
Vth,). In this way, it is possible to acquire information
corresponding to three tone levels in one image capturing.

[0039]

[0040] Assuming that the irradiation intensity of the light
incident on the photodiode 11 is L, that reversal exposure
time (to be described later in detail) is T, that an optical
current flowing on the photodiode 11 is I, and that a dark
current is I, the following equations hold true:

This point will be further described in detail.

v v LT M
C

I-RL )

[0041] Here, V is the initial voltage of the capacitor 12,
Vth is a threshold value for the inverter of the SRAM 13, C
is the coefficient of capacitance of the capacitor 12, and R is
optical sensitivity (an optical current per unit irradiation
intensity) of the photodiode 11.

[0042] A time period from a point when the TFT 14 is set
to an off-state to a point when the TFT 14 and the TFT 15
are set to an on-state will be referred to as “exposure time”.
In this exposure time, the voltage on the capacitor 12
gradually declines from the initial voltage V due to the
current (a sum of the optical current and the dark current)
flowing on the photodiode 11. Meanwhile, a time period
elapsed until the voltage on the capacitor 12 becomes equal
to the threshold voltage Vth for the inverter of the SRAM 13
will be referred to as the “reversal exposure time”.

[0043] Here, by solving the foregoing two equations for L,
the following equation is derived:

. cv-vihy I (©)
=7

[0044] Since the respective values of C, V, Vth, R, and I
are known, the exposure time T is only necessary for
detecting the value of the irradiation intensity L. Although T
is originally an analog value, it is possible to acquire the L
value in multiple tone levels by quantizing and converting
the T into digital values expressed in multiple bits. Never-
theless, since the SRAM 13 can only distinguish two states
of “0” and “1”, it is necessary to carry out image capturing
under multiple conditions in order to acquire multiple tone
levels.

[0045] To be more precise, the exposure time T is changed
for 63 times such as T,<T,<T; . . . <Tq;, and then the point
of reversal of the data (the binary values) in the exposure
time is detected. In this way, it is possible to acquire 64 tone
levels (in a six-bit value).

[0046] Specifically, reversal exposure time Tw in terms of
a white standard subject and reversal exposure time Th in
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terms of a black standard subject are measured, and n-th
exposure time T(n) (n=1, 2, . . . , 63) is found by the
following equation:

Tw - "™
[0047] provided that,

ST
[0048] By applying the equation (4) to the equation (3), a

boundary value I(n) of the irradiation intensity set in an n-th
image capturing attempt is found by the following equation:

v -vin( 1 I (6)
Lin) = 7 (W\/ - nA] -7
[0049] FIG. 4 shows a relation between an image captur-

ing number n and the boundary value L(n) of the irradiation
intensity. Here, in order to facilitate the explanation, FIG. 4
shows a case where image capturing is carried out for 15
times. For example, at a seventh image capturing, the
boundary value I(n) of the irradiation intensity is reduced to
approximately 50%.

[0050] When the respective parameter values of (R, V,,
C,, Vth,) are used as standards among the respective param-
eters of (R, V,, Cy, Vth,), (R,, V,, C,, Vth,), and (R;, V5,
C,, Vth,) set in the liquid crystal display device 1, and when
one of the parameters is varied depending on the pixels,
relations of the respective parameter values can be expressed
by the respective following equations. Here, k used in the
equation below is a parameter for determining the size of
variation amounts when the respective parameters are varied
depending on the pixels. To be more precise, k is a value
selected appropriately so as to distribute the boundary value
of the irradiation intensity uniformly in a range defined as
1=k=N-pxq+1, and k is not necessarily an integer in this
regard.

[0051] In the case of varying the value R depending on the
respective pixels:
R,=R,+0R ™
Rs=R,+20R ®
SR 1 )
[ 1 13
T CL(VL - Vi)

[0052] When m+1 (m=1, 2, and so on) pixels are formed
into one set, the value of the sensitivity R of each pixel is
expressed by the following equation:

Rpu1=R,+mdR (10)
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[0053] In the case of varying the value V depending on the
respective pixels:

V,=V,-oV (11
V,=V,-20V 12)
Y s (13)

Vi = Vil - ®©

[0054] When m+1 (m=1, 2, and so on) pixels are formed
into one set, the value of the initial voltage V of each pixel
is expressed by the following equation:

Vipay=Vy-mdV 14
[0055] In the case of varying the value C depending on the
respective pixels:

C,=C,-8C 5]

C5=C,=28C (16)

% AT an

[&]

[0056] When m+1 (m=1, 2, and so on) pixels are formed
into one set, the value of the coefficient of capacitance C of
each pixel is expressed by the following equation:

Cryg=Cy-mdC (18)
[0057] In the case of varying the value Vth depending on
the respective pixels:

Vth,=Vth+dVth 19

Vthy=Vth,+20Vth (20

ovih AT (21
Vi - Vil =A-Th

[0058] When m+1 (m=1, 2, and so on) pixels are formed
into one set, the value of the threshold voltage Vth of each
pixel is expressed by the following equation:

Vihyy,=Vih,+mdVth 22)

[0059] Regarding the pixel having the parameters of (R,
V,, C,, Vth,) as the standards, assuming that the reversal
exposure time in terms of the white standard subject is Tw
and that the reversal exposure time in terms of the black
standard subject is Th, n-th exposure time T(n) (n=1, 2, . .
.» N (in the case of image capturing for N times)) can be
expressed by the following equation:

1 1 23)
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[0060] wherein

s~(-m)/ .

[0061] As an example, a relation between the image
capturing number n and the boundary value I(n) of the
irradiation intensity in the case of varying only the coeffi-
cient of capacitance C of the capacitor 12 depending on the
pixels such as values of C,, C,, and C; is shown in FIG. 5.
Here, the image capturing number n on the lateral axis
means the number of image capturing using the standard
pixel.

[0062] When C,, C,, and C; are mutually different values,
the relation between the image capturing number n and the
boundary value L(n) of the irradiation intensity varies as
shown in FIG. 5. Accordingly, it is possible to set three
points of boundary values of the irradiation intensity in one
image capturing. In this way, while it has been necessary to
carry out image capturing for 15 times and thereby to set up
15 relevant points of the boundary values of the irradiation
intensity in order to acquire, for example, a 16-tone-level
image with the conventional liquid crystal display device,
the liquid crystal display device of the present invention can
reduce the number of image capturing to one-third, or
namely to 5 times.

[0063] As described above, when C;, C,, and C; are
mutually different values, it is possible to set up three points
of the boundary values of the irradiation intensity in each
time of image capturing. The distribution of the respective
boundary values vary depending on the value k. For
example, when k=1 is set, 15 points are set up by 5 times of
image capturing as shown in FIG. 6. Meanwhile, when k=13
is set, 15 points are set up by 5 times of image capturing as
shown in FIG. 7. As the value k, it is preferable to select the
most appropriate value to achieve uniform distribution of the
boundary values. Although the values of C;, C,, and C; have
been herein varied as an example, similar rules will apply to
a case of other parameters.

[0064] Moreover, in the case of varying two or more
parameters out of R, V, C, and Vth depending on the pixels,
it is again preferable to select the most appropriate value k
depending on the pixels to achieve uniform distribution of
the boundary values.

[0065] Specifically, variation of the values of the respec-
tive parameters depending on the pixels will be achieved as
follows. In terms of the sensitivity R, variation will be
achieved by changing the area or the thickness of a sensor
element for each pixel or by changing impurity density for
each pixel. In terms of the initial voltage V, variation will be
achieved by applying a different voltage to each pixel
through the signal line used for charging the capacitor 12 of
each pixel. In terms of the capacitance C, variation will be
achieved by changing the area of a parallel-flat plate capaci-
tor for each pixel. In terms of the threshold voltage Vth,
variation will be achieved by changing a gate length of an
N-channel type TFT and a gate length of a P-channel type
TFT constituting the inverter, for each pixel.

[0066] When pieces of binary data D, D,, D, and so on
are respectively inputted from the pixels having the values
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of the respective parameters as defined in the above-de-
scribed equations, the image capturing control unit § gen-
erates and outputs pieces of pixel data G,, G,, G5, and so on
in multiple tone levels as the data outputted from one pixel,
based on the binary data of a predetermined number of
mutually adjacent pixels. For example, data in three tone
levels are acquired when generating the pixel data for one
pixel based on the binary data from three pixels. Accord-
ingly, the image capturing control unit 5 generates and
outputs a piece of pixel data G; having a data length of 2 bits
by use of the pieces of pixel data D, D,, and D,.

[0067] When the picces of pixel data G,, G,, G, and so
on in multiple tone levels are sequentially inputted from the
image capturing control unit 5, the controller 2 generates and
outputs one piece of image data in multiple tone levels.
When an image is captured by use of three pixels in one set,
the piece of image data generated in one image capturing
constitutes a piece of data in three tone levels. Here, it is
possible to acquire color image data by performing image
capturing in respective colors of RGB.

[0068] Therefore, according to this embodiment, it is
possible to increase tone level information of the image data
acquired in one image capturing by generating the pixel data
in multiple tone levels with the image capturing control unit
5 based on the binary data acquired from the plurality of
adjacent pixels having mutually different values of the
respective parameters.

[0069] Specifically, when the number of the adjacent pix-
els is defined as pxq pieces, it is possible to acquire the
image data in the same tone levels in a period of 1/(pxq)
times in comparison with the time required by the conven-
tional liquid crystal display device. In this way, it is possible
to reduce the time for image shooting. Moreover, the number
of image capturing can be reduced from N times to N/(pxq)
times. As the time for image shooting is reduced, it is
possible to reduce image degradation attributable to hand
movement or the like.

[0070] Note that, although the three pixels aligned in the
lateral direction have been treated as one sct in this embodi-
ment, such arrangement will not actually reduce the reso-
lution to one-third. That is, in a typical liquid crystal display
device, each pixel has a vertically long form and the length
of three pixels in the lateral direction is approximately equal
to the length of one pixel in the longitudinal direction.
Moreover, when an image-forming system (a lens) is not
applied, the original resolution is far worse than the length
of one pixel in the lateral direction owing to diffusion of the
light from the subject. Due to these reasons and the like, the
resolution will not be actually reduced.

[0071] Meanwhile, the method of setting the values of the
respective parameters to different values depending on the
pixels is also effective when carrying out color image
shooting. Color image shooting is achieved by performing
image shooting in terms of a plurality of colors while
switching a display color of the liquid crystal display device.
Here, the optical sensitivity largely varies depending on the
colors and therefore it is not possible to apply the same
image shooting condition for the respective colors. How-
ever, it is possible to achieve image shooting under the same
condition by applying the foregoing method. For example,
when the optical sensitivity is low for the red color, the
sensitivity of the sensor of the pixel corresponding to the red
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color should be set to a higher value than the sensitivity of
the sensors of the pixels corresponding to other colors.

What is claimed is:
1. A liquid crystal display device comprising:

a plurality of pixels;

optical sensors established corresponding to each of the
pixels, each optical sensor having sensitivity R and
configured to convert accepted light into an electric
signal;

charge storage units established corresponding to each of
the optical sensors, each charge storage unit having
capacitance C and configured to store a charge in
response to the electric signal converted by the optical
sensor in a state where an initial voltage V is applied
thereto;

retention units established corresponding to each of the
charge storage unit, each retention unit configured to
retain binary data which indicate as to whether or not
an amount of charge stored in the charge storage unit is
equal to or above a threshold voltage Vth; and

an image capturing control unit configured to generate
pixel data in multiple tone levels, based on the binary
data outputted from each of the retention units of the
plurality of adjacent pixels by image capturing for N
times,

wherein at least any one value of sensitivity R, capaci-
tance C, an initial voltage V, and the threshold voltage
Vth in each of the pixels is set to a different value from
relevant values of other adjacent pixels.

2. The liquid crystal display device according to claim 1,

wherein, in terms of pxq pieces of plurality of adjacent
pixels, exposure time T(n) for an n-th (n=1,2, ..., N)
image capturing by a specified pixel where an average
dark current is I,, where reversal exposure time in
terms of a white standard subject by the specified pixel
is Tw, and where reversal exposure time in terms of a
black standard subject by the specified pixel is Tb, is
calculated by equations expressed as

and

a parameter k to determine an amount of variation of
sensitivity for each of the pixels is set in a range defined
as 1=k=N-pxq+1, and, based on a value of sensitivity
R; set in the specified pixel as a standard, respective
values of sensitivity R, to R, sct in other pixels are
calculated by equations expressed as

R, R 5R6R A-Tk !
mrl = I +m -,R—l— . ()'W

TGV - Vily)

(where m=1, 2, . . ., pxq-1).
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3. The liquid crystal display device according to claim 1,

wherein, in terms of pxq pieces of plurality of adjacent
pixels, exposure time T(n) for an n-th (n=1,2, ..., N)
image capturing by a specified pixel where an average
dark current is I, where reversal exposure time in
terms of a white standard subject by the specified pixel
is Tw, and where reversal exposure time in terms of a
black standard subject by the specified pixel is Tb, is
calculated by equations expressed as

Ll (Lo Ly,
Tow ~Tw "™ ‘(ﬁ_ﬁ]/’

and

a parameter k to determine an amount of variation of
sensitivity for each of the pixels is set in a range defined
as 1=k=N-pxq+1, and, based on a value of capaci-
tance C; set in the specified pixel as a standard, respec-
tive values of capacitance C, to C, sct in other pixels
are calculated by equations expressed as

aC
Cput = Cy =mdC, 22 = A-T(k)
G

(where m=1, 2, .. ., pxq-1).
4. The liquid crystal display device according to claim 1,

wherein, in terms of pxq pieces of plurality of adjacent
pixels, exposure time T(n) for an n-th (n=1,2, ..., N)
image capturing by a specified pixel where an average
dark current is I, where reversal exposure time in
terms of a white standard subject by the specified pixel
is Tw, and where reversal exposure time in terms of a
black standard subject by the specified pixel is Th, is
calculated by equations expressed as

1 1 1 1
—:——nA,A:(———]/N,
Tn) Tw Tw Tb
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and

a parameter k to determine an amount of variation of
sensitivity for each of the pixels is set in a range defined
as 1=k=N-pxq+1, and, based on a value of initial
voltage V, set in the specified pixel as a standard,
respective values of initial voltage V, to V., set in
other pixels are calculated by equations expressed as

Vi1 =V SV v =A-Tk
ml = V] —mov, m = (k)
(where m=1, 2, . . ., px-1).

5. The liquid crystal display device according to claim 1,

wherein, in terms of pxq pieces of plurality of adjacent
pixels, exposure time T(n) for an n-th (n=1,2,...,N)
image capturing by a specified pixel where an average
dark current is I,, where reversal exposure time in
terms of a white standard subject by the specified pixel
is Tw, and where reversal exposure time in terms of a
black standard subject by the specified pixel is Tb, is
calculated by equations expressed as

1 _1 A Ao 1 1 N
= = (m )/

and

a parameter k to determine an amount of variation of
sensitivity for each of the pixels is set in a range defined
as 1=k=N-pxq+1, and, based on a value of threshold
voltage Vth; set to the specified pixel as a standard,
respective values of threshold voltage Vih, to Vth,,
set in other pixels are calculated by equations expressed
as

6Vih

Vil = Viby + méVih, m =A-T(k)
(where m=1, 2, . . ., pxq-1).
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