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(57)  The quantity of light from a backlight is moni-
tored by a first photodetector, and the environment on
the part of a user is monitored by a second photodetec-
tor disposed in the rear of a liquid crystal panel, not on

LIQUID CRYSTAL DISPLAY AND ITS CORRECTING METHOD

the front thereof. It is possible to exclude the influence
of external light from the user side on the first photode-
tector which detects the quantity of light from the back-
light.
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Description

TECHNICAL FIELD

[0001] The presentinventionrelates to a technique for
implementing a liquid crystal display equipped with func-
tions of controlling the quantity of light from a backlight
with high precision and capturing information about user
image in front of the liquid crystal display screen and
about the illuminance on the display screen and a tech-
nique of calibrating the display with high-level gray
scale.

BACKGROUND ART

[0002] In recent years, liquid crystal displays have
come into wide use in home TVs, computers, picture-
phones, and so forth. Such liquid crystal displays are
mostly backlight displays. Since the reproducibility of
image is needed especially in the fields of printing, med-
ical care, etc., it is customary in the art to monitor the
quantity of light from the backlight by a photodetector
placed in the rear of the liquid crystal display and control
the backlight accordingly. Since the light transmission
characteristic of the liquid crystal panel greatly varies
nonlinearly with working temperature and due to age de-
terioration, there is a limit to enhancement of the gray
scale from the practical point of view. Further, there have
also been developed liquid crystal displays provided
with means for monitoring a user image and illuminance
in the use environment, but in many cases an image
sensor or photodetector is disposed behind or beside
the display screen, or a manual sensor is mounted on
the display screen for manual calibration.

[0003] However,in the case of monitoring the quantity
of light from the backlight by the photodetector mounted
in the liquid crystal display as in the prior art, there arises
a problem that no appropriate monitoring of the quantity
of light is possible since the amount of light reflected
rearwardly of the liquid crystal panel differs depending
on whether the liquid crystal is transparent to light or not.
Furthermore, depending on whether ambient brightness
is high or low, the incidence of external light from the
front of the liquid crystal panel disturbs monitoring by
the photodetector, sometimes hindering appropriate lu-
minance control of the backlight. It is also necessary to
monitor the illuminance in the use environment. The
photodetector or image sensor mounted on the front of
the liquid crystal display for monitoring the illuminance
and the user image in the use environment ruins the ap-
pearance of the display. Besides, since the optical trans-
fer characteristic of the liquid crystal panel changes with
aging or temperature, reproducibility of the gray scale
of image may sometimes lower even if the quantity of
light from the backlight is controlled to be constant;
hence, itis to be wished that a high-precision calibration
scheme be established.
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DISCLOSURE OF THE INVENTION

[0004] The liquid crystal display of the present inven-
tion is provided with a photodetector for monitoring the
quantity of light from a backlight and a photodetector for
monitoring the use environment. The present invention
adopts mainly two means, one of which is the photode-
tector disposed behind the liquid crystal panel, not on
the front thereof, for detecting the quantity of light from
the backlight, and the other of which is the photodetector
for monitoring the use environment.

[0005] The one of the two means is a photodetector
with a polarizing plate mounted thereon in the liquid
crystal display device, by which the quantity of light from
the backlight can be monitored irrespective of whether
the liquid crystal is transparent or nontransparent to
light. Since the polarizing plate is interposed between
the backlight and the liquid crystal, reflected light from
the liquid crystal has a characteristic that its polarization
greatly changes under the influence of the polarizing
plate, depending on whether the liquid crystal is trans-
parent to light or not. Accordingly, provision is made to
monitor polarization components based on signal inten-
sities detected by a photodetector with a polarizing plate
having the same polarization characteristic as that of the
above-mentioned polarizing plate and a photodetector
having mounted thereon a polarizing plate whose direc-
tion of polarization is orthogonal to that of the above-
mentioned polarizing plate.

[0006] The other means is an arrangement in which
a photodetector orimage sensor is disposed behind the
liquid crystal panel, as viewed from the user side, for
monitoring the user image or illuminance in the use en-
vironment through the liquid crystal panel by making it
transparent to light. Further, in the liquid crystal display
equipped with the backlight, since reflected light having
a fixed polarized light component enters the photode-
tector or image sensor even when the liquid crystal is
light-transparent, the influence of backlight can be less-
ened by the above-mentioned polarizing plate mounted
on the photodetector or image sensor. Of course, it is
also possible to control the intensity of backlight by the
combined use of photodetectors or image sensors hav-
ing mounted thereon polarizing plates whose directions
of polarization are orthogonal to each other.

[0007] With above-mentioned means, itis possible, in
a liquid crystal panel with a fixed quantity of backlight,
to obtain an appropriate image in accordance with the
working conditions of the liquid crystal panel (working
temperature and aging characteristic). By applying a
specific video signal (for example, a staircase image sig-
nal whose stairsteps are increased or decreased) with
a manual photodetector held in close contact with the
display screen and detecting the signal output from the
photodetector, it is possible to obtain an optical transfer
characteristic of the liquid crystal panel. By preparing a
function for converting the video signal or conversion ta-
ble on the basis of the optical transfer characteristic of
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the panel, the image intended to display can be repro-
duced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Fig. 1 is a block diagram of a liquid crystal display
having built-in photodetectors according to a first
embodiment of the present invention.

Fig. 2 is a block diagram of a liquid crystal display
having built-in photodetectors according to a sec-
ond embodiment of the present invention.

Fig. 3 is explanatory of the principles of the detec-
tion of quantity of light from a backlight and the de-
tection of external light when different polarizing
plates are used, A being the case where the back-
light is OFF and B the case where the backlight is
ON.

Fig. 4 is a block diagram of a liquid crystal display
having a built-in photodetector according to a third
embodiment of the present invention.

Fig. 5 is explanatory of the principle of capturing the
image of a user by the image sensor in a fifth em-
bodiment of the present invention.

Fig. 6 is a block diagram of a liquid crystal display
having a built-in photodetector according to a fourth
embodiment of the present invention.

Fig. 7 is explanatory of the principles of capturing
the image of a user by the image sensor when the
backlight is ON in the fourth embodiment of the
present invention, A being the case of using a hor-
izontally polarizing plate and B the case of using a
vertically polarizing plate.

Fig. 8 is a block diagram of a conventional liquid
crystal display having a built-in photodetector.

Fig. 9A is a block diagram for explaining a gray
scale calibration method for a liquid crystal display
by a photodetector disposed on its display screen,
B is a diagram showing an input image signal, C is
a diagram showing the light transmission character-
istic of liquid crystal with respect to a staircase cal-
ibration signal, and D is a diagram showing, by way
of example, the progression of repeated gray scale
calibration.

Fig. 10A is a block diagram for explaining a gray
scale calibration method for a liquid crystal display
by a light emitting diode disposed on its display
screen, B is a diagram showing an input image sig-
nal, and C is a diagram showing the light transmis-
sion characteristic of liquid crystal with respect to a
staircase calibration signal.

BEST MODE FOR CARRYING OUY THE INVENTION

[0009] A detailed description will hereinafter be given,
with reference to the accompanying drawings, of em-
bodiments of the present invention.
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(Embodiment 1)

[0010] Fig. 1 is a block diagram of a liquid crystal dis-
play having built-in photodetectors according to a first
embodiment of the present invention. Backlights 6 and
a light shielding plate 7 are disposed behind a liquid
crystal panel 18 wherein a liquid crystal layer 3 oriented
and sandwiched between a transparent electrode plate
4 and a counter electrode plate 2 containinga TFT driver
circuit is interposed between polarizing plates 1 and 5,
and photodetectors 9 and 8 are placed on the outside
and inside of the light shielding plate 7, respectively. Im-
age information input via a video signal input terminal
17 is sent, as a drive signal corresponding to the voltage
necessary for liquid crystal driving and the scanning
scheme used, from a liquid crystal driver 15 to the trans-
parent electrode plate 4 and the counter electrode plate
2 containing a TFT driver circuit. The liquid crystal used
in this embodiment is one that has a property of rotating
the plane of polarization of incident light through 90 de-
grees. The photodetectors are silicon PNP junction di-
odes.

[0011] A description will be made below of the princi-
ple of controlling the backlight in the above configura-
tion. The photodetector 8 changes its output current with
the quantity of light from the backlight. External light in
the user environment is also incident on the photode-
tector 8 through the liquid crystal panel. The quantity of
lightin the user environment can be monitored indirectly
by the photodetector 9 placed on the outside of the light
shielding plate. Accordingly, output signals from ampli-
fiers (which are current-voltage type transimpedance
amplifiers), which are supplied with signals from the
photodetectors, are applied to a calculating circuit 13,
in which the component of the quantity-of-light signal of
the user environment is multiplied by a coefficient and
then subtracted from the quantity-of-light signal of the
backlight, and from which the calculated output is input
to an amplifier 14. The amplifier 14 detects the differ-
ence between the input thereto and the luminance of the
backlight set by a reference backlight luminance signal
fed to an input terminal 16 and applies a signal to a back-
light driver 10 to adjust the power supply to the backlight
to provide a desired quantity of light. While the signals
in the above are described as being handled in analog
form, it is needless to say that it is also possible to em-
ploy a configuration in which the output signals from the
amplifiers 11 and 12 are AD converted so that the entire
signal processing including the calculating circuit is per-
formed in digital form.

(Embodiment 2)

[0012] Fig. 2 is a block diagram of a liquid crystal dis-
play having built-in photodetectors according to a sec-
ond embodiment. Backlights 26 and a light shielding
plate 27 are disposed behind a liquid crystal panel 220
wherein a liquid crystal layer 23 oriented and sand-
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wiched between a transparent electrode plate 24 and a
counter electrode plate 2 containing a TFT driver circuit
is interposed between a polarizing plate 21 (of a hori-
zontally polarizing characteristic) and a polarizing plate
25 (of a vertically polarizing characteristic), and photo-
detectors 28 and 29 are placed on the inside of the light
shielding plate 218 in opposing relation to a polarizing
plate 219 (of a vertically polarizing characteristic), re-
spectively. Image information input via a video signal in-
put terminal 217 is sent, as a drive signal corresponding
to the voltage necessary for liquid crystal driving and the
scanning scheme used, from a liquid crystal driver 215
to the transparent electrode plate 24 and the counter
electrode plate 22 containing a TFT driver circuit. The
liquid crystal used in this embodiment is a liquid (for in-
stance, TN liquid crystal) that has a property of rotating
the direction of polarization of incident light through 90
degrees. The photodetectors are silicon PN junction di-
odes.

[0013] A description will be made below of the proce-
dure for controlling the backlight in the above configu-
ration. The photodetectors 28 and 29 change their out-
put currents with the quantity of light from the backlight.
External light in the user environment is incident on the
photodetector 29 through the liquid crystal panel since
the polarizing plate 219 that has the same direction of
polarization as that of the polarizing plate 25, but the
external light is not incident on the photodetector 28
since the polarizing plate 218 disposed opposite thereto
has the direction of polarization orthogonal to that of the
polarizing plate 25. In this case, the quantity of light in
the user environment can be directly monitored by cal-
culating the output signals from the photodetectors 28
and 29. Accordingly, output signals from amplifiers
(which are current-voltage type transimpedance ampli-
fiers), which are supplied with signals from the photode-
tectors 28 and 29, respectively, are applied to a calcu-
lating circuit 213, in which the component of the quan-
tity-of-light signal in the user environment is multiplied
by a coefficient and then subtracted from the quantity-
of-light signal of the backlight, and from which the cal-
culated output is input to an amplifier 214. Since the co-
efficient is dependent on the transmittance of the polar-
izing plate and the nonlinear transmittance of the liquid
crystal, it can be predetermined by experimental calibra-
tion. The amplifier 214 detects the difference between
the input thereto and the luminance of the backlight set
by a reference backlight luminance signal fed to an input
terminal 216 and applies a signal to a backlight driver
210to adjust the power supply to the backlight to provide
a desired quantity of light. While the signals in the above
are described as being handled in analog form, it is
needless to say that it is also possible to employ a con-
figuration in which the output signals from the amplifiers
11 and 12 are AD converted so that the entire signal
processing including the calculating circuit is performed
in digital form.

[0014] This principle will be described in more detail
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with reference Fig. 3. A description will be given first of
the case where the back light is OFF (Fig. 3A). When
the direction of polarization of the polarizing plate dis-
posed behind the liquid crystal panel is horizontal, ex-
ternal light is horizontally polarized and can be transmit-
ted through a photodetector A having mounted thereon
a horizontally polarizing plate, but it cannot be transmit-
ted through a photodetector B having mounted thereon
a vertically polarizing plate. In this instance, the external
light component is detected only by the photodetector A.
[0015] Next, a description will be given of the case
where the backlight is ON (Fig. 3B). When the direction
of polarization of the polarizing plate disposed behind
the liquid crystal panel is horizontal, the quantity of light
reflected from the liquid crystal panel varies according
to the state of transmission therethrough, but the reflect-
ed component generally contains a large amount of hor-
izontally polarized component. Such reflected light is
transmitted through the photodetector A with the hori-
zontally polarizing plate mounted thereon, but it is not
transmitted through the photodetector B with the verti-
cally polarizing plate thereon. In this case, the external
light component is the same as in the case where the
backlight is OFF.

Accordingly, the quantity of light from the backlight can
be monitored by the photodetector having mounted
thereon the vertically polarizing plate without being af-
fected by the reflected light and external light. The ex-
ternal light component can be obtained by detecting the
difference between the outputs from the photodetectors
A and B. For convenience of description of the backlight-
control principle, the above refers to the use of the dif-
ference between the outputs from the photodetectors;
needless to say, however, it is possible to provide for
increased accuracy in the detection of the external light
component by processing that rejects the quantity of
light reflected from the liquid crystal to the backlight and
multiplies the remaining signal component by a coeffi-
cient which is predetermined by the transmission coef-
ficients of the polarizing plates and liquid crystal actually
used. The viewability of the display image can also be
enhanced by changing the quantity of light from the
backlight based on the quantity of external light obtained
as mentioned above.

(Embodiment 3)

[0016] Fig. 4 is a block diagram of a liquid crystal dis-
play having a built-in photodetector according to a third
embodiment of the present invention. Backlights 46 and
a light shielding plate 47 are disposed behind a liquid
crystal panel 418 wherein a liquid crystal layer 43 ori-
ented and sandwiched between a transparent electrode
plate 44 and a counter electrode plate 42 containing a
TFT driver circuit is interposed between a polarizing
plate 41 (of a horizontally polarizing characteristic) and
a polarizing plate 45 (of a vertically polarizing charac-
teristic), and an image sensor 49 is placed on the light
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shielding plate behind a condenser lens 48. Image in-
formation input via a video signal input terminal 217 is
sent, as a drive signal corresponding to the voltage nec-
essary for liquid crystal driving and the scanning
scheme used, from aliquid crystal driver 415 to the liquid
crystal panel 418. The liquid crystal used in this embod-
iment is a liquid that has a property of rotating the direc-
tion of polarization of incident light through 90 degrees.
The image sensor is a silicon CCD or CMOS.

[0017] A description will be made below of the proce-
dure of controlling the backlight in the above configura-
tion. The image sensor 49 changes its output signal lev-
el in accordance with the quantity of light from the back-
light. In this case, the quantity of external light in the user
environment can be monitored directly through the liquid
crystal panel. Accordingly, a video signal from the image
sensor is input to a calculating circuit 413, from which a
signal corresponding to the luminance of the video sig-
nal is provided to an amplifier 414. The content of such
processing can be predetermined through experimental
calibration, but it is also possible to obtain the image
luminance signal by referring to a loop-up table which
contains the quantity of light from the backlight and ex-
ternal light in the user environment. The amplifier 414
detects the difference between the input thereto and the
luminance of the backlight set by a reference backlight
luminance signal fed to an input terminal 416 and ap-
plies a signal to a backlight driver 410 to adjust the pow-
er supply to the backlight to provide a desired quantity
of light. While the signals in the above are described as
being handled in analog form, it is needless to say that
it is also possible to employ a configuration in which sig-
nal processing by an image sensor control circuit 411
and the calculating circuit 412 is performed in digital
form.

[0018] Referring to Fig. 5, a description will be given
of the principle of capturing the image of a user by the
image sensor. When the backlight is OFF and the liquid
crystal panel is fully transparent to light, the user image
is focused by a condenser lens onto the image sensor,
by which image information about the user can be de-
tected. This can be done by intermittently operating the
backlight or in the initial state of starting image display.

(Embodiment 4)

[0019] Fig. 6 is a block diagram of a liquid crystal dis-
play having a built-in photodetector according to a fourth
embodiment of the present invention. Backlights 66 and
a light shielding plate 67 are disposed behind a liquid
crystal panel 618 wherein a liquid crystal layer 43 ori-
ented and sandwiched between a transparent electrode
plate 64 and a counter electrode plate 62 containing a
TFT driver circuit is interposed between a polarizing
plate 61 (of a horizontally polarizing characteristic) and
a polarizing plate 65 (of a vertically polarizing charac-
teristic), and an image sensor 69 is placed on the light
shielding plate behind a condenser lens 68 and a polar-
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izing plate 619. A video signal for display input via a vid-
eo signal input terminal 617 is sent, as a drive signal
corresponding to the voltage necessary for liquid crystal
driving and the scanning scheme used, from a liquid
crystal driver 615 to the liquid crystal panel 618. The
liquid crystal used in this embodiment is a liquid crystal
that has a property of rotating the direction of polariza-
tion of incident light through 90 degrees. The image sen-
sor is a silicon CCD or CMOS.

[0020] A description will be made below of the proce-
dure of controlling the backlight in the above configura-
tion. The image sensor 69 changes its output signal lev-
el in accordance with the quantity of light from the back-
light. In this case, the quantity of external lightin the user
environment can be monitored directly through the liquid
crystal panel. Accordingly, a video signal from the image
sensor is input to a calculating circuit 613, from which a
signal corresponding to luminance of the video signal is
provided to an amplifier 614. The content of such
processing can be predetermined through experimental
calibration, but it is also possible to obtain the image
luminance signal by referring to a loop-up table which
contains the quantity of light from the backlight and the
external light in the use environment. The amplifier 614
detects the difference between the input thereto and the
luminance of the backlight set by a reference backlight
luminance signal fed to an input terminal 616 and ap-
plies a signal to a backlight driver 610 to adjust the pow-
er supply to the backlight to provide a desired quantity
of light. While the signals in the above are described as
being handled in analog form, it is needless to say that
it is also possible to employ a configuration in which sig-
nal processing by an image sensor control circuit 611
and the calculating circuit 612 is performed in digital
form.

[0021] Referring to Fig. 7, a description will be given
of the principle of capturing the image of a user by the
image sensor when the backlightis ON. In this instance,
two image sensors are prepared, on which a horizontally
polarizing plate and a vertically polarizing plate are
mounted, respectively. In the case of the image sensor
having mounted thereon the horizontally polarizing
plate, images of the user and user environment are fo-
cused by a condenser lens onto the image sensor as
shown in Fig. 7A. In this instance, if the lens is focused
on the user, then the backlight does not form its image.
In the case of the image sensor having mounted thereon
the vertically polarizing plate, backlight is similarly inci-
dent on the image sensor, but images of the user and
use environment are not captured by the image sensor
because the directions of polarization of the two polar-
izing plates are orthogonal to each other. The use of the
latter permits detection of the quantity of light from the
backlight without being affected by the external light. By
detecting the difference between video signals available
from the image sensors each having a different polariz-
ing plate mounted thereon, the images of the user and
use environment can be obtained without being affected
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by the backlight. By preparing two such image sensors
or by preparing a liquid crystal panel configured to
change the direction of polarization of the polarizing
plate as by mechanical rotation, or a liquid crystal panel
functioning also as a polarizing plate, it is possible to
implement the above-mentioned function by one image
sensor. For convenience of description of the user im-
age capturing principle, the above refers to the use of
the difference between the video signals available from
the image sensors; needless to say, however, it is pos-
sible to provide for increased accuracy in the detection
of the quantity of light from the backlight by processing
of multiplying the image sensor output by a coefficient
which is determined by the transmission coefficients of
the polarizing plate and liquid crystal actually used.

(Embodiment 5)

[0022] Fig. 9A shows a method for calibrating a video
signal in the liquid crystal display of each of Embodi-
ments 1, 2, 3 and 4 described above. A photodetector
91 is mounted on the front of a liquid crystal display 92,
and a light emitting diode or semiconductor laser 96 is
disposed on the back of the liquid crystal panel. The
photodetector 91 is a silicon PN junction diode, and the
light emitting diode 96 is an assembly of four RGBW
(red, green, blue and white) light emitting diodes ar-
ranged side by side. A 12-bit staircase signal for calibra-
tion (see Fig. 9B) is input to a video signal input terminal
93. The time width of the stairstep is 1 millisecond. At
first, the signal is input intact to a liquid crystal driver 910
without referring to a conversion table 94 described later
on, thereby changing the state of transmission of the lig-
uid crystal display.
[0023] A modulation signal generator 98 generates
sine-wave signals of four different frequencies (for ex-
ample, 100 KHz, 200 KHz, 300 KHz, and 400 KHz), or
four orthogonal patterns of pseudo-random sequences
(such, for example, as the following 16-bit sequences
obtainable from the Hadamard matrix. Reference doc-
ument: Yukitoshi Sanada, "CDMA by MATLAB/
Simulink," Tokyo Denki Daigaku Press).
111-1-1-11111-1-1-1-111
1-1-11111-11-1-11-111-41
11111111-1-1-1-1-1-1-141
1-11-11-11-1-11-11-11-11
When product-sum operation is performed for these dif-
ferent sequences, the operation result is zero. In the
case of the sine-wave signals of different frequencies,
too, it is self-evident that when they are integrated for a
period substantially equal to the minimum common mul-
tiplier of their cycle, the operation result is zero. That is,
they all have a property that they are orthogonal to each
other. Pulse modulation signals, which are on for 1 and
off for -1, are produced and each assigned to one of four
light emitting diodes. The time width of the minimum
pulse is set to 1 microsecond. The modulation signals
are each provided via a driver 99 to one of the light emit-
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ting diodes 96 to generate optical modulated signals.
These optical modulated signals are detected by a pho-
todetector 91 placed behind the liquid crystal panel. The
output signal from the photodetector is input to a corre-
lation detector 99. When the modulated signal is a sine
wave, the correlation detector 99 can be regarded as a
lock-in amplifier; by synchronizing the signal contained
in the light emitted from each diode and the photodetec-
tor output at the same frequency, it is possible to detect
the amplitude of each optical modulated signal without
ambient noise. A description will be given of the opera-
tion of the correlation detector in the case where the
modulated signals are pseudo-random sequences. A
numerical value, obtained by A-D conversion of the pho-
todetector output at a 10-MHz sampling frequency, and
the pseudo-random sequence are correlated with each
other. In this case, the correlation value is obtained, for
example, by multiplying the pseudo-random sequence
with 1 set at +1 and 0 at -1 (The Hadamard sequence
may be held unchanged.) by the above-mentioned nu-
merical value A-D converted at the sampling frequency,
and then accumulating the product for a time that is an
integral multiple of the cycle of the pseudo-random se-
quence. Since the frequencies or pseudo-random se-
quences allotted to the four colors RGBW are orthogo-
nal to each other, it is possible to calculate the transmis-
sion coefficient of the liquid crystal for each light emitting
diode even if four color components of the optical mod-
ulated signal are measured at the same time. Such a
procedure is repeated for each stairstep of the staircase
video signal until its final stairstep is reached, by which
the light transmission characteristic of the liquid crystal
for the staircase calibration signal, such as shown in Fig.
9C, is obtained for each color. The distortion of the trans-
fer curve in Fig. 9C is caused by the transfer character-
istic of the liquid crystal that varies with temperature or
the degree of deterioration. The output from the corre-
lation detector is input to a CPU 95, wherein it is stand-
ardized with the predetermined maximum intensity and
compared with the staircase video signal for calibration
and a conversion table (LUT, Look Up Table) is created.
The thus obtained conversion table is input to a video
signal converting circuit 94 to generate a signal based
on the first LUT. Thereafter, a 12-bit staircase calibration
signal is input again to the video signal input terminal as
shown in Fig. 9D to generate a signal based on a second
LUT in the same manner as mentioned above. By re-
peating this, the transfer characteristic of the liquid crys-
tal gradually approaches the predetermined transfer
characteristic. The calibration terminates with the gen-
eration of a signal based on an LUT at the point in time
when the error between the both transfer characteristics
becomes minimum. The quantity of light from the back-
light is also detected and ground noise become large;
the detection accuracy can be increased by turning OFF
the backlight, but according to this method, since the
background component is cancelled at the time of de-
tection of the correlation when the optical modulated sig-
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nal is demodulated, the LUT can be generated even
when the backlight is ON. While this method has been
described as being applied to the calibration for each
color, it is needless to say that the method is applicable
to the calibration of a monochromatic display.

(Embodiment 6)

[0024] Fig. 10A shows a method of calibration of an
image signal in the liquid crystal displays of Embodi-
ments 1, 2, 3 and 4 described above. A light source 101
is disposed toward the display screen of a liquid crystal
panel 102. The light source 101 is housed in a hood-like
canopy provided for the purpose of shielding the liquid
crystal panel from external light, and hence it does not
obstruct the user's view. This embodiment uses semi-
conductors of three kinds of colors such as red, blue and
green. Since the semiconductor laser is capable of emit-
ting light of a fixed direction of polarization, the emitted
light can be transmitted through the liquid crystal panel
with extremely high efficiency by making the direction of
polarization of the laser the same as that of the polariz-
ing plate on the display screen to be irradiated with the
laser light. Moreover, two photodetectors having mount-
ed thereon polarizing plates of different directions of po-
larization are placed at the position of irradiation with
the semiconductor laser. A 12-bit staircase calibration
signal (see Fig. 10B) is input to a video signal input ter-
minal 93. The time width of each stairstep is set to 1
millisecond. At first, the signal is input intact to the liquid
crystal without referring to a conversion table described
later on, thereby changing the state of transmission of
the liquid crystal.
[0025] A modulation signal generator 98 generates
sine-wave modulation signals of different frequencies
(for example, 100 KHz, 200 KHz, and 300 KHz), or three
patterns of pseudo-random sequences (such, for exam-
ple, as the following 16-bit sequences obtainable from
the Hadamard matrix).
111-1-1-11111-1-1-1-111
1-1-11-111-11-1-11-111-41
11111111-1-1-1-1-1-1-141
When a product-sum operation is performed for these
different sequences, the operation result is zero. In the
case of the sine-wave signals of different frequencies,
too, it is self-evident that when they are integrated for a
period substantially equal to the minimum common mul-
tiplier of their cycle. That is, they all have a property that
they are orthogonal to each other. Pulse modulation sig-
nals, which are on for 1 and off for -1, are produced and
each assigned to one of three light emitting diodes. The
time width of the minimum pulse is set to 1 microsecond.
The modulation signals are each provided via a driver
99 to one of the light emitting diodes 96 to generate op-
tical modulated signals. The optical modulated signals
are detected by the photodetectors 91 for backlight illu-
minance detection use described previously in Embod-
iment 2. As described in Embodiment 2, the difference

10

15

20

25

30

35

40

45

50

55

between output signals from the two photodetectors is
detected by a differential amplifier, by which itis possible
to cancel the main component of backlight and measure
the component of the semiconductor laser light. The out-
put signal from the differential amplifier is applied to a
correlation detector 99. When the modulation signals
are sine-wave, the correlation detector 99 can be re-
garded as a lock-in amplifier; by synchronizing the sig-
nal contained in the light emitted from each diode and
the photodetector output at the same frequency, it is
possible to detect each optical modulation signal while
canceling the noise input to each photodetector. A de-
scription will be given of the operation of the correlation
detector in the case where the modulated signals are
pseudo-random sequences. A numerical value, ob-
tained by A-D conversion of the photodetector output at
a 10-MHz sampling frequency, and the pseudo-random
sequence are correlated with each other. In this case,
the correlation value is obtained, for example, by multi-
plying the pseudo-random sequence with 1 setat+1 and
0 at -1 (The Hadamard sequence may be held un-
changed.) by the above-mentioned numerical value A-D
converted at the sampling frequency, and then accumu-
lating the product for a time that is an integral multiple
of the cycle of the pseudo-random sequence. Since the
frequencies or pseudo-random sequences allotted to
the four colors RGB are orthogonal to each other, it is
possible to calculate the transmission coefficient of the
liquid crystal for each light emitting diode even if the
transmission coefficients for three color components of
the optical modulated signal are measured at the same
time. Such a procedure is repeated for each stairstep of
the staircase video signal until its final stairstep is
reached, by which the light transmission characteristic
of the liquid crystal for the staircase calibration signal,
such as shown in Fig. 10C, is obtained for each color.
The distortion of the transfer curve in Fig. 10C is caused
by the transfer characteristic of the liquid crystal that var-
ies with temperature or the.degree of deterioration. The
output from the correlation detector is input to a CPU
95, wherein it is standardized with the predetermined
maximum intensity and compared with the staircase vid-
eo signal for calibration and a conversion table (LUT,
Look Up Table) is created. The thus obtained conversion
table is input to a video signal converting circuit 94 to
generate a signal based on the first LUT. Thereafter, as
described with reference to Fig. 9, (A 12-bit staircase
calibration signal is input again to the video signal input
terminal to generate a signal based on a second LUT
and a signal based on the second LUT in the same man-
ner as shown in Fig. 9D. By repeating this, the transfer
characteristic of the liquid crystal gradually approaches
the predetermined transfer characteristic.) the calibra-
tion terminates with the generation of a signal based on
an LUT at the point in time when the error between the
both transfer characteristics becomes minimum. The
quantity of light from the backlight is also detected by
the photodetector and ground noise become large; the



13 EP 1 445 643 A1 14

detection accuracy can be increased by turning OFF the
backlight, but according to this method, since the back-
ground component is cancelled at the time of detection
of the correlation when the optical modulated signal is
demodulated, the LUT can be generated even when the
backlight is ON. While this method has been described
as being applied to the calibration for each color, it is
needless to say that the method is applicable to the cal-
ibration of a monochromatic display. Since the photode-
tector also detects the quantity of light in the use envi-
ronment, the background noise become large, but ac-
cording to this method, since the background noise
component is cancelled at the time of detection of cor-
relation, the LUT can be generated in whatsoever work-
ing condition. While this method has been described as
being applied to the calibration for each color, it is need-
less to say that the method is applicable to the calibra-
tion of a monochromatic display. Further, semiconductor
lasers are used as the light emitting source 101, but light
emitting diodes can similarly be used. While in the above
the light source has been described as being housed in
a hood-like canopy provided for the purpose of shielding
the liquid crystal panel from external light, it is needless
to say that a movable light source array can be mounted
on the liquid crystal display screen for calibration.
[0026] With the use of the present invention, it is pos-
sible to exclude the influence of external light in the use
environment on the photodetector for detecting the
quantity of light form the backlight, permitting high-ac-
curacy backlight control. An image sensor, which is a
kind of photodetector, can be disposed behind the liquid
crystal panel to capture image information about the us-
er. In either case, by processing a plurality of signals
from photodetectors or image sensors having mounted
thereon polarizing plates of different directions of polar-
ization with a view to utilizing the property of polarized
light that is transmitted through the liquid crystal panel,
it is possible to provide increased accuracy in the back-
light control and in capturing the user image. Besides,
stabilization of backlight by the present invention per-
mits high accuracy calibration-this is of great industrial
value when employed in a liquid crystal display for med-
ical care that is required to have high-level gray scale
and high degree of reproducibility and high precision/
high-level-gray-scale liquid crystal display for design
use.

Claims

1. Aliquid crystal display, characterized in that the
quantity of light from a backlight is controlled on the
basis of a signal obtained by calculating two or more
signals which are detected by a photodetector dis-
posed behind a liquid crystal panel and directed to-
ward the backlight and a photodetector disposed to-
ward a direction different from the backlight.
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A liquid crystal display, characterized in that the
quantity of light from a backlight is controlled on the
basis of a signal obtained by calculating two or more
signals which are detected by photodetectors both
disposed behind a liquid crystal panel, the photode-
tectors each having mounted thereon one of polar-
izing plates whose directions of polarization are
identical with and orthogonal to the direction of po-
larization of a polarizing plate placed on the side of
a backlight with respect to liquid crystal.

A liquid crystal display wherein an image sensor is
disposed behind a liquid crystal panel and directed
toward the display screen to capture image or illu-
minance information in the direction of the display
screen when liquid crystal is made to transmit there-
through light.

A liquid crystal display wherein an image sensor is
disposed behind a liquid crystal panel and directed
toward the display screen to capture image or illu-
minance information in the direction of the display
screen when liquid crystal is made to transmit there-
through light, the image sensor having mounted
thereon a polarizing plate whose direction of polar-
ization is identical with that of a polarizing plate on
the side of a backlight with respect to liquid crystal.

The liquid crystal display recited in any one of
claims 1 to 4, characterized in that the quantity of
light from the backlight is controlled on the basis of
ambient illuminance and the light intensity of the
backlight detected by said photodetector or image
sensor from the quantity of light transmitted from the
liquid crystal display panel and the quantity of light
reflected from the back of the liquid crystal panel.

A calibration method for the liquid crystal display re-
cited in any one of claims 1 to 4, characterized in
that: a second light source and a second photode-
tector are disposed behind the liquid crystal panel
and on the display screen of the liquid crystal panel,
respectively; when a calibrating image signal is in-
put to the liquid crystal display, said second light
source is modulated,; light transmitted through liquid
crystal is detected by the second photodetector; the
modulated signal is demodulated to obtain the op-
tical transfer characteristic of the liquid crystal; and
a conversion function or conversion table of the cal-
ibrating image signal is obtained for calibration of
the image display.

A calibration method for the liquid crystal display re-
cited in any one of claims 1 to 4, characterized in
that: a third light source formed by a light emitting
diode or semiconductor laser is disposed on the dis-
play screen of the liquid crystal panel and directed
toward the display screen, the light emitting diode
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or semiconductor laser emitting light polarized in
the same direction as the direction of polarization
of the liquid crystal panel; when a calibrating image
signal is input to the liquid crystal display, the light
source is modulated; the modulated signal detected
by a photodetector or image sensor disposed be-
hind he liquid crystal panel is demodulated to obtain
the optical transfer characteristic of the liquid crys-
tal; and a conversion function or conversion table
of the calibrating image signal is obtained for cali-
bration of the image display.
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FIG 4 LIQUID CRYSTAL PANEL
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