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Fig. 9
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LIQUID CRYSTAL DATA DISPLAY DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal data
display device, and especially, to a TFT liquid crystal data
display device or a PALC display device and the like.

DESCRIPTION OF THE RELATED ART

[0002] The liquid crystal data display device represented
by the liquid crystal display is being widely spread to the PC
monitor market and the television market with its advan-
tages as a thin, low-power-consumption display, along with
the advance in technologies enabling the display to provide
a high-speed-movement picture on a full-color wide screen.

[0003] One typical liquid crystal display is a transmission-
type TFT liquid crystal display, the outline of which is now
explained with reference to FIGS. 16, 17 and 18. As shown
in FIG. 16, the TFT liquid crystal display comprises a color
filter comprising pixels 11 including red, green, blue, and
black masks, and a common electrode 12, a TFT substrate
including a drive electrode 13 and a thin-film transistor 14
for applying voltage and thereby driving the liquid crystal,
and a liquid crystal material 15 injected between the TFT
substrate and the color filter. Moreover, polarizing plates 16
are placed on the front and back sides of the panel, and the
shutter function of liquid crystal material 15 transmits or
blocks light. Further, as shown in the cross-sectional view of
FIG. 17 (a), a backlight unit 18 radiates light evenly on the
whole surface of the liquid crystal panel 17. FIGS. 17 (b)
and 17 (¢) are the back view and the side view of FIG. 17
(a). The liquid panel 17 is mounted in a body 19 together
with the backlight unit 18, thereby forming the liquid crystal
display.

[0004] Next, the operation of the TFT is explained. Similar
to a general transistor, the TFT comprises a source S, a gate
G and a drain D. At the OFF state, as shown in FIG. 18 (a),
no voltage is applied to the liquid crystal, and at the ON
state, as shown in FIG. 18 (b), voltage VG is applied
between the gate/drain of the liquid crystal.

[0005] Moreover, an edge (or side) type light or a subja-
cent (directly below) type light is known as the backlight
unit. The edge light type is used mainly for office appliances
(such as a laptop PC), and on the other hand, the subjacent
type is mainly used for a mid- to small sized audiovisual
equipment requiring higher brightness. Recently, there are
greater demands for a more thinner, increased-brightness
display, and improved fluorescent lamps and light conduct-
ing plates are being developed to match these demands,
along with which the mid- to small sized audiovisual equip-
ment are switched more from the subjacent type light to the
edge-light type backlight unit. However, in a large-sized
display of size 20 and larger, the subjacent-type light is more
advantageous since the weight of the light conducting plate
is too heavy.

[0006] Moreover, Japanese Patent Laid-Open Publication
Nos. 11-73122 and 11-95215 disclose a liquid crystal data
display device having an external light intake window and
an optical detector, which is capable of varying the power to
the backlight unit corresponding to the amount of external
light, and to radiate light to the panel unit using both the
backlight and the external light to improve the brightness
while reducing power consumption of the display.
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[0007] However, in the above-mentioned liquid crystal
data display device, the brightness is not controlled actively
corresponding to ambient illuminance. Moreover, there is a
mechanism in some CRT devices to modify the brightness of
the screen by controlling the strength of the image signals
according to the ambient illuminance. However, in the case
of a liquid crystal data display device, the light source and
the image signals are controlled separately, so it was impos-
sible to apply the same technique to the liquid crystal
display.

[0008] Japanese Patent Laid-Open Publication Nos.
6-331962, 9-146073 and 10-170914 propose controlling the
brightness of the back light in relation to the external light.
The technology proposed in these publications are charac-
terized in increasing the brightness of the backlight as the
ambient illuminance increases, as shown in the characteris-
tic curve 52 of FIG. 19. Further, Japanese Patent Laid-Open
Publication No. 6-18880 proposes controlling the backlight
to turn off when the ambient illuminance is sufficiently
bright, as shown in the characteristic curve 53.

[0009] However, the former-mentioned prior art method
had drawbacks in that the power consumption of the display
is increased more and more, and the life of the backlight is
thereby reduced. Moreover, according to the latter-men-
tioned prior art method, the power consumption is reduced
if the ambient illuminance is sufficiently high, but when the
backlight is turned off, the display suddenly became dark
even when the illuminance is sufficient, making the display
hard to see.

SUMMARY OF THE INVENTION

[0010] The present invention solves the problems of the
prior art technology. The present invention aims at providing
a liquid crystal data display device that is capable of
providing appropriate brightness to the liquid crystal panel
while reducing the power consumption thereof and improv-
ing the life of the backlight unit.

[0011] The present invention provides a liquid crystal data
display device comprising a liquid crystal panel unit and a
backlight unit, further comprising: an illuminometer for
measuring ambient illuminance; and a means for computing
panel brightness Bp (cd/m*) based on the following equation
when the ambient illuminance is I (1x):

Bp=ax1n(l)+b
[0012] wherein 10=a=40, and 50=b=250.

[0013] Moreover, the present invention provides a liquid
crystal data display device, wherein the backlight unit is
controlled so that the panel brightness is set to the optimum
value corresponding to the ambient illuminance.

[0014] Further, the present invention provides a liquid
crystal data display device, wherein the backlight unit is
controlled so that the panel brightness is adjusted stepwise
to the optimum value corresponding to the ambient illumi-
nance.

[0015] Even further, the present invention provides a
liquid crystal data display device further comprising when
the panel brightness is represented by Bp (cd/m?) and the
ambient illuminance is represented by I (1x), a means for
classifying I into 1=1<100, 100£1<1,000 1,000=1<10,000,
and 10,000=1<100,000 (1x); computing the Bp value at
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both end points (start point and end point) of each class by
Bp=axln (I)+b, wherein 10=a=40 and 50=b=250; and
computing the average value of these values to obtain the Bp
value of each class.

[0016] The present invention provides a liquid crystal data
display device further equipped with a function for control-
ling the backlight unit so as to obtain a fixed panel bright-
ness, and a function for controlling said backlight unit so
that the panel brightness is set to the optimum value corre-
sponding to the ambient illuminance, the device comprising
a switch for selecting these two functions.

[0017] Moreover, the present invention provides a liquid
crystal data display device further comprising a plural
number of illuminometers, and a means for controlling the
backlight unit so as to obtain a substantially uniform panel
brightness throughout the screen.

[0018] Further, the present invention provides a liquid
crystal data display device further comprising an external
light intake window, and a means for controlling the back-
light unit.

[0019] Even further, the present invention provides a
liquid crystal data display device wherein the external light
intake window is a prismatic light conducting plate.

[0020] Further, the present invention provides a liquid
crystal data display device wherein the external light intake
window is a half-mirror.

[0021] The present invention provides a liquid crystal data
display device further comprising illuminometers mounted
to the front surface and the back surface thereof for mea-
suring the front-side ambient illuminance and the back-side
ambient illuminance respectively, and a means for comput-
ing the panel brightness based on the front-surface ambient
illuminance and controlling the backlight unit to obtain the
desired panel brightness based on the back-surface ambient
illuminance.

[0022] The present invention provides a liquid crystal data
display device further comprising a plural number of liquid
crystal panels, backlight units, the number of which is equal
to or smaller than the number of the liquid crystal panels,
and external light intake windows, the number of which is
equal to or smaller than the number of the liquid crystal
panels.

[0023] The operation according to the present invention
will now be explained. According to the present invention,
the relation of the ambient illuminance and the panel bright-
ness is set as shown by the characteristic curve 51 of FIG.
19, wherein the panel brightness is controlled so as to
increase logarithmically corresponding to the ambient illu-
minance. In other words, when the ambient illuminance is
low (dark), the brightness of the backlight is increased
logarithmically, so the brightness of the display is improved
compared to the linear control offered by the prior art.
Moreover, as the ambient illuminance increases, the bright-
ness of the panel can be controlled to a soft brightness,
which prevents the increase of power consumption of the
backlight and improves the life of the backlight.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a simplified diagram of the liquid crystal
data display device according to embodiment 1;
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[0025] FIG. 2 is an explanatory view of the algorithm for
controlling the backlight unit according to embodiment 1;

[0026] FIG. 3 is an explanatory view showing the relation
between the ambient illuminance and the panel brightness of
the liquid crystal data display device according to embodi-
ment 1;

[0027] FIG. 4 is an explanatory view showing the second
relation between the ambient illuminance and the panel
brightness of the liquid crystal data display device according
to embodiment 1;

[0028] FIG. 5 is an explanatory view showing the algo-
rithm for controlling the backlight unit according to embodi-
ment 2;

[0029] FIG. 6 is a simplified diagram showing the liquid
crystal data display device according to embodiment 3;

[0030] FIG. 7 is an explanatory view of the algorithm for
controlling the backlight unit according to the embodiment;

[0031] FIG. 8 is a simplified diagram showing the liquid
crystal data display device according to embodiment 4;

[0032] FIG. 9 is an explanatory view of the algorithm for
controlling the backlight unit according to embodiment 4;

[0033] FIG.10is an explanatory view of the algorithm for
controlling the backlight unit according to embodiment 5;

[0034] FIG. 11 is an explanatory view showing the actual
relation between the ambient illuminance and the brightness
of the backlight unit;

[0035] FIG. 12 is an explanatory view showing a com-
parison of the life of the liquid crystal data display devices,

[0036] FIG. 13 is a simplified diagram showing the liquid
crystal data display device according to embodiment 6,

[0037] FIG. 14 is a simplified diagram showing the liquid
crystal data display device according to embodiment 7,

[0038] FIG. 15 s a simplified diagram showing the liquid
crystal data display device according to embodiment §;

[0039] FIG. 16 is a simplified diagram of the prior-art
liquid crystal panel;

[0040] FIG. 17 is a simplified diagram showing the prior-
art liquid crystal data display device;

[0041] FIG. 18 is a simplified diagram explaining the
driving mechanism of the prior-art liquid crystal data display
device; and

[0042] FIG. 19 is an explanatory view showing the char-
acteristic curve of the relation between the ambient illumi-
nance and the panel brightness of the liquid crystal data
display device.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0043] The preferred embodiment of the present invention
will now be explained.

[0044] Embodiment 1 will be explained. Embodiment 1 of
the present invention will be explained with reference to
FIG. 1. As shown in cross-section in FIG. 1, the liquid
crystal display according to embodiment 1 comprises a
liquid crystal panel 1 including a color filter, a TFT sub-
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strate, a liquid crystal material and a polarizing plate, a
backlight unit 2, and a body 3. FIGS. 1 (b) and 1 (c) are a
back view and a side view of FIG. 1 (a). A body 3 is
equipped with an illuminometer 4, and a means for com-
puting the best panel brightness corresponding to the ambi-
ent illuminance, thereby controlling the backlight unit 2.

[0045] Referring now to FIG. 2, the algorithm for deter-
mining the backlight brightness Bb based on the illuminance
I measured using the illuminometer 4 is explained.

[0046] In S101,the illuminometer 4 measures the ambient
illuminance, and obtains illuminance I.

[0047] 1InS102,the panel brightness Bp is computed based
on the following equation; Bp=axln (I)+b, wherein
10£a=40, and 50=b=250.

[0048] 1In S103, the backlight brightness Bb is computed
based on the following equation; Bb=Bp/t%, wherein t is the
panel transmittance (%). That is, when t%=5%, Bb=Bp/0.05.

[0049] Thereby, the optimal panel brightness Bp and the
backlight brightness Bb are obtained.

[0050] Tt is best according to embodiment 1 to compute
the panel brightness Bp based on illuminance I so that the
value is higher when the display is used in a luminous
environment, and lower when it is used indoors or in a dark
environment. The panel brightness Bp can be expressed by
a linear equation of the logarithm of the illuminance as
follows; Bp=ax1n (I)+b. An example of the relation between
the ambient illuminance (1x) and the panel brightness (cd/
m?) is shown in FIG. 3. When the display is used outdoors
or in a luminous environment, the values of a and b are set
high, and on the other hand, when the display is used indoors
or in a dark environment, the values of a and b are set lower,
Considering the life of the backlight unit and the like, value
of “a” should be in the range of 10 through 40, and “b” in
the range of 50 through 250. More preferably, a=20-30, and
b=100-200.

[0051] Further, if it is difficult to switch the brightness of
the backlight unit frequently, then as shown in FIG. 4, it is
possible to set the panel brightness Bp to be switched
stepwise according to the ambient illuminance. In the
example, the illuminance is classified into the following
classes; 1=I<100, 100=1<1,000, 1,000=1<10,000,
10,000=1<100,000 (1x), and the Bp value on both ends is
obtained by Bp=25x1n (I)+150, the average value thereof
being set as the Bp value within each range.

[0052] According to the present invention, one illuminom-
eter is mounted on the back side thereof, but the illuminom-
eter can also be provided on the front side thereof, or a
plurality of illuminometers can be provided on the front
surface and utilized to control the backlight unit so that the
panel brightness is uniform throughout the whole front
surface.

[0053] The second embodiment of the present invention
will now be explained. The second embodiment will be
explained with reference to FIG. 5. The liquid crystal
display according to embodiment 2 is the same as that
explained in embodiment 1, so the explanation thereof is
omitted.

[0054] FIG. 5 is referred to in explaining the algorithm for
determining the backlight brightness Bb based on the illu-
minance I measured by the illuminometer 4.
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[0055] 1In S201, the illuminometer 4 measures the ambient
illuminance, and obtains illuminance I.

[0056] In S202,by use of the mode selection switch, when
the mode is set to a fixed brightness mode, the procedure
advances to S203, and when the mode is set to an ambient
illuminance correspondence mode, the procedure advances
to S204.

[0057] 1In S203, the panel brightness Bp is determined to
a fixed value, and the procedure advances to S205.

[0058] 1InS204,the panel brightness Bp is computed based
on Bp=ax1n (I)+b, wherein 10=a=40 and 50=b=250, and
the procedure advances to S205.

[0059] 1In S205, the backlight brightness Bb is computed
based on Bb=Bp/t%. Thereby, the optimal panel brightness
Bp and the backlight brightness Bb is obtained.

[0060] According to embodiment 2, the switch SW is
switched based on the mode selected by the user, and the
method for obtaining the Bb differs accordingly. When a
fixed brightness mode is selected, the panel brightness Bp is
determined to either a preset value or a value set by the user,
and the backlight brightness Bb is obtained by dividing Bp
by the panel transmittance t (%), then the backlight unit is
controlled to the obtained Bb value. On the other hand, when
the ambient illuminance correspondence mode is selected,
the illuminance I is used to compute the Bp value so that it
is higher when the device is used under a luminous envi-
ronment and is lower when the device is used indoors or
under a dark environment. Similar to the case of embodi-
ment 1, Bp can be expressed by a linear equation of a
logarithm of the illuminance; Bp=ax1n (I)+b. When used
under a luminous atmosphere, the values of a and b are set
higher, and when used indoors or under a dark atmosphere,
the values of a and b are set lower. Further, if it is difficult
to switch the brightness of the backlight unit frequently, Bp
can be switched in a stepwise manner. The backlight bright-
ness Bb is computed by dividing Bp by the panel transmit-
tance t, and the backlight unit is controlled to the value of
Bb.

[0061] Embodiment 3 of the present invention will now be
explained. Embodiment 3 will be explained with reference
to FIG. 6. As shown in cross-section in FIG. 6 (a), the liquid
crystal display according to embodiment 3 comprises a
liquid crystal panel 1 including a color filter, a TFT sub-
strate, a liquid crystal material and a polarizing plate, a
backlight unit 2 and a body 3. An external light intake
window 5 is provided to the body 3. FIGS. 6 (b) and 6 (c)
are the back view and the side view of FIG. 6 (a). An
illuminometer 4 is equipped to the body 3, which controls
the backlight unit 2 so that the average panel brightness is at
the optimum value corresponding to the ambient illumi-
nance.

[0062] FIG. 7 is used to explain the algorithm for deter-
mining the backlight unit brightness Bb from the illumi-
nance I measured by the illuminometer 4.

[0063] 1In S301, the illuminometer 4 measures the ambient
illuminance and obtains illuminance I.

[0064] In S302, the external brightness Be is computed by
Be=Ixr%/x.
[0065] 1In S303, the panel brightness Bp is computed by

Bp=ax1n (I)+b, wherein 10=a=40, and 50=b=250.
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[0066] In S304, the backlight brightness Bb is computed
by Bb=Bp/t%-Be. Thereby, the optimal panel brightness Bp
and the backlight brightness Bb is obtained.

[0067] In embodiment 3, the external brightness Be is
computed based on the illuminance 1. Be is obtained by
multiplying I with surface reflectivity r (%) and then divid-
ing that by circular constant (the ratio of the circumference
of a circle to its diameter) m. Reference r includes the
transmittance when light passes through the external light
intake window, and is determined by the material of the
window. Next, the panel brightness Bp is computed based on
illuminance I so that the value is higher when the display is
used under a luminous environment, and is lower when the
display is used indoors or under a dark environment. Bp can
be expressed by a linear equation of the logarithm of the
illuminance as follows; Bp=ax1n (I)+b, wherein a and b are
higher when the display is used under a luminous environ-
ment, and lower when it is used indoors or under a dark
environment. Further, if it is difficult to switch the brightness
of the backlight unit frequently, Bp can be switched stepwise
according to the illuminance. The backlight brightness Bb is
obtained by dividing Bp by panel transmittance t (%) and
then subtracting Be therefrom. The backlight unit is con-
trolled to the value of Bb.

[0068] The fourth embodiment according to the present
invention will now be explained. Embodiment 4 is explained
with reference to FIGS. 8 and 9. The liquid crystal display
used in the embodiment is the same as that explained in
embodiment 3, so detailed explanation thereof is omitted. In
embodiment 4, the body 3 includes one illuminometer 4a
mounted to the side of the liquid crystal panel 1, and another
illuminometer 45 mounted to the side of the external light
intake window 5.

[0069] FIG.9 is referred to in explaining the algorithm for
determining the brightness Bb of the backlight unit based on
illuminance [a and Ib measured respectively by illuminom-
eters 4a and 4b.

[0070] In S401, illuminometers 4a and 4b measure the
ambient brightness, and obtain illuminance Ia and Ib.

[0071] 1In S402, external brightness Be is computed by
Be=Ibxr%/m.
[0072] In S403, panel brightness Bp is computed by

Bp=ax1n (Ia)+b, wherein 10=a=40, 50£b=250.

[0073] In S404, backlight brightness Bb is compute by
Bb=Bp/t%-Be. Thereby, the values of optimal panel bright-
ness Bp and backlight brightness Bb is obtained.

[0074] In embodiment 4, the external brightness Be is
computed based on the illuminance Ib. Be is obtained by
multiplying Ib by surface reflectivity r (%) and then dividing
that by circular constant z. Value r includes the transmit-
tance when light passes through the external light intake
window, and is determined by the material of the window.
Next, the panel brightness Bp is computed based on illumi-
nance Ia so that the value is higher when the display is used
under a luminous environment and is lower when the display
is used indoors or under a dark environment. Bp can be
expressed by a linear equation of the logarithm of the
illuminance as follows; Bp=ax1n (Ia)+b. Further, Bp can be
switched stepwise according to the illuminance. The back-
light brightness Bb is obtained by dividing Bp by panel
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transmittance t (%) and then subtracting Be therefrom. The
backlight unit is controlled to the value of Bb.

[0075] The fifth embodiment according to the present
invention will now be explained. Embodiment 5 is explained
with reference to FIG. 10. The liquid crystal display used in
embodiment 5 is the same as that explained in embodiment
3, so detailed explanation thereof is omitted.

[0076] FIG. 10 is referred to in explaining the algorithm
for determining the brightness Bb of the backlight unit based
on illuminance I measured respectively by illuminometer 4.

[0077] In S501, illuminometer 4 measures the ambient
brightness, and obtains illuminance I.

[0078] 1In S502, external brightness Be is computed by
Be=Ixr%/x.
[0079] In S503, based on the mode selection switch SW,

when the mode is set to a fixed brightness mode, the
procedure advances to S504, and when the mode is set to an
ambient illuminance correspondence mode, the procedure
advances to S505.

[0080] In S504, the panel brightness Bp is determined to
a fixed value, and the procedure advances to S506.

[0081] In S505, panel brightness Bp is computed by
Bp=axln (I)+b, wherein 10=a=40, 50=b=250.

[0082] In S506, backlight brightness Bb is compute by
Bb=Bp/t%—Be. Thereby, the values of optimal panel bright-
ness Bp and backlight brightness Bb is obtained.

[0083] In embodiment 5, the external brightness Be is
computed based on illuminance I. Be is obtained by multi-
plying Ib by surface reflectivity r (%) and then dividing that
by circular constant m. Value r includes the transmittance
when light passes through the external light intake window,
and is determined by the material of the window. Next, the
switch SW is switched based on the selection of the user, and
the method for obtaining Bb differs. First, when a fixed
brightness mode is selected, the panel brightness Bp is either
a preset value or a value set by the user, and the backlight
brightness Bb is computed by dividing Bp by panel trans-
mittance 1 (%) and then subtracting Be therefrom. The
backlight unit is controlled to the value of Bb. On the other
hand, when the ambient illuminance correspondence mode
is selected, the panel brightness Bp is computed based on
illuminance I so that the value is higher when the display is
used under a luminous environment and is lower when the
display is used indoors or under a dark environment. Bp can
be expressed by a linear equation of the logarithm of the
illuminance as follows; Bp=ax1n (I)+b. Further, Bp can be
switched stepwise according to the illuminance. The back-
light brightness Bb is obtained by dividing Bp by panel
transmittance t (%) and then subtracting Be therefrom. The
backlight unit is controlled to the value of Bb.

[0084] One example of the relation between the ambient
illuminance and the backlight brightness is shown in FIG.
11, where r=20%, t=3%, a=25, and b=150. The ambient
illuminance correspondence mode 31, the fixed brightness
mode 32, and the prior art example 33 are shown in the
drawing. In the fixed brightness mode, Bp is assumed to be
Bp=360 cd/m”. Further, FIG. 12 shows the comparison
between the life of the ambient illuminance correspondence
mode and 41 and the fixed brightness mode 42, where it is
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assumed that the life is considered to be proportional to the
product of time and illuminance, and the life of a prior-art
liquid crystal display is set as “1”. It is advantageous to use
the ambient illuminance correspondence mode if the display
is mainly used indoors or under a dark environment, and it
is advantageous to use the fixed brightness mode when the
display is mainly used under a luminous environment.
Whichever mode is chosen, the life of the display is 1.2 to
1.6 times longer than that of the prior art.

[0085] The sixth embodiment according to the present
invention will now be explained. Embodiment 6 will be
explained with reference to FIG. 13. The liquid crystal
display according to embodiment 6, as shown in the upper
cross-sectional view of FIG. 13 (a), comprises a liquid
crystal panel 1 including a color filter, a TFT substrate, a
liquid crystal material and a polarizing plate, a backlight unit
2, and a body 3 equipped with an external light intake
window 6. FIG. 13 (b) and FIG. 13 (c) are the back view
and the cross-sectional side view of FIG. 13 (@). The
external light intake window 6 is made of a transparent
material formed into a triangular prism or a trapezoidal
prism where the upper area is thicker than the lower area. By
use of this window, the external light from the upper area of
the liquid crystal panel 1 can be effectively transmitted and
condensed.

[0086] The seventh embodiment according to the present
invention will now be explained. Embodiment 7 is explained
with reference to FIG. 14. As shown in the upper cross-
sectional view of FIG. 14 (a), the liquid crystal display
according to embodiment 7 comprises a liquid crystal panel
1 including a color filter, a TFT substrate, a liquid crystal
material and a polarizing plate, a backlight unit 2, and a body
3 having an external light intake window 7. FIG. 14 () and
FIG. 14 (c) are the back view and the cross-sectional side
view of FIG. 14 (a). The external light intake window 7 is
a half-mirror, which not only takes in external light, but
enables to reflect and reuse the light either reflected or
scattered by the backlight unit or emitted backwards from
the fluorescent tube. The half-mirror can be manufactured by
laminating thin films having various indexes of refraction.
Further, the half-mirror can either be mounted to the back
surface of the prismatic external light intake window as
explained in embodiment 6, or can be tilted so that the
hollow portion and the half-mirror function as a prism.

[0087] The eighth embodiment of the present invention
will now be explained. Embodiment 8 is explained with
reference to FIG. 15. The liquid crystal display according to
embodiment 8 is identical to that explained in embodiment
5, and therefore detailed description thereof is omitted. Two
liquid crystal displays are equipped with an external light
intake window 9, and the whole structure is supported by a
column 10. The external light intake window 9 is formed to
effectively take in external light into the two liquid crystal
displays, for example by functioning as a prism, or by being
equipped with a half-mirror to the upper surface of the
window. According to this embodiment, there is no need to
design an external light intake window for each liquid
crystal display. More over, the backlight unit can be con-
trolled as explained above, but there is no need to perform
a special control. The liquid crystal display according to the
present embodiment is especially suited for outdoor uses.

[0088] As explained in the preferred embodiments above,
a liquid crystal data display device having a liquid crystal
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panel unit and a backlight unit is further equipped with an
illuminometer, and by controlling the backlight unit based
on the ambient illuminance so that the average brightness of
the panel is optimum, not only can the panel be set to have
the most appropriate brightness, but also the life of the
backlight unit is increased and the power consumption is cut
down. Moreover, by providing a more actual numerical
definition, the brightness of the panel can be controlled to a
level most appropriate for the human eye.

[0089] Moreover, the liquid crystal data display device
having a liquid crystal panel unit and a backlight unit is
further equipped with an external light intake window
positioned rearward of the backlight unit, thereby providing
even further cut down of power consumption and improving
the life of the backlight unit.

[0090] Moreover, by forming a device with plural liquid
crystal panels, either the same number of or less backlight
units, and either the same number of or less external light
intake windows, the number of parts constituting the display
can be reduced, which results in miniaturization of the
device and cut-down on the manufacturing cost.

[0091] The present invention provides a liquid crystal data
display device capable of controlling the liquid crystal panel
to have the most appropriate brightness, while reducing the
power consumption and improving the life of the backlight
unit.

We claim:

1. Aliquid crystal data display device comprising a liquid
crystal panel unit, a backlight unit, and an illuminometer for
measuring ambient illuminance, said display device further
comprising:

ameans for computing panel brightness Bp (cd/m?) based
on the following equation when the ambient illumi-
nance is I (1x):

Bp=ax1n(I)+b

wherein 10£a=40, and 50=b=250.

2. Aliquid crystal data display device according to claim
1, wherein said backlight unit is controlled so that the panel
brightness is set to the optimum value corresponding to the
ambient illuminance.

3. Aliquid crystal data display device according to claim
2, wherein said backlight unit is controlled so that the panel
brightness is set stepwise to the optimum value correspond-
ing to the ambient illuminance.

4. Aliquid crystal data display device according to claim
3, further comprising:

when the panel brightness is represented by Bp (cd/m?)
and the ambient illuminance is represented by I (1x), a
means for classifying I into 1=1<100, 100=1<1,000,
1,000=1<10,000, and 10,000=1<100,000 (1x); com-
puting the Bp value at both end points (start point and
end point) of each class by Bp=axln (I)+b, wherein
1022240 and 50=b=250; and computing the average
value of these values to obtain the Bp value of each
class.
5. Aliquid crystal data display device according to claim
1, further equipped with a function for controlling said
backlight unit so as to obtain a fixed panel brightness, and
a function for controlling said backlight unit so that the panel
brightness is set to the optimum value corresponding to the
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ambient illuminance, said device comprising a switch for
selecting these two functions.

6. A liquid crystal data display device according to claim
1, further comprising a plural number of illuminometers, and
a means for controlling said backlight unit so as to obtain a
substantially uniform panel brightness throughout the
screen.

7. A liquid crystal data display device according to claim
1, further comprising an external light intake window, and a
means for controlling said backlight unit.

8. A liquid crystal data display device according to claim
7, wherein said external light intake window is a prismatic
light conducting plate.

9. A liquid crystal data display device according to claim
7, wherein said external light intake window is a half-mirror.

Sep. 13, 2001

10. Aliquid crystal data display device according to claim
1, further comprising a plural number of illuminometers
mounted to the front surface and the back surface thereof for
measuring the front-side ambient illuminance and the back-
side ambient illuminance respectively, and a means for
computing the panel brightness based on said front-surface
ambient illuminance and controlling the backlight unit to
obtain the desired panel brightness based on said back-
surface ambient illuminance.

11. Aliquid crystal data display device according to claim
10, further comprising a plural number of liquid crystal
panels, backlight units, the number of which is equal to or
smaller than the number of said liquid crystal panels, and
external light intake windows, the number of which is equal
to or smaller than the number of said liquid crystal panels.
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