
;e3ezwDR.6:TR_ #.. 0 3 JUL 2002  A LIQUID CRYSTAL DISPLAY DEVICE Detailed
Description of the Invention  1. Field of the Invention The present
invention relates to a liquid crystal display device including a means for
detecting a position to which a pen or a finger of an operator touches. 2.
Background Art Display devices using various schemes for detecting a
touched position as described in NIKKEI BYTE, p.285, May 1998, end Monthly
Display pp.76-103, July 1996. Such schemes include an analog capacity
coupling scheme, a resistive film scheme, an infrared ray scheme, an
ultrasonic wave scheme, etc. Such position detecting mechanisms are
typically referred to as touch panels. To use the touch panel in the
display device, a glass substrate used as the touch panel is overlapped on
a screen of an    , .; 0 3 J U L 2Q02 -2 image display device, such as a
CRT, as in the case of an ATM _ (automatic teller machine). Accordingly,
the size of the touc panel is larger than the size of the image display
device by _--..t least the size of touch sensors. In the resistive film
scheme, two resistive films are r 



disposed to face each other, and a touched position is detected by
contacting portions of both the resistive films contacted by a pen. In one
way of the resistive film scheme, a resistive sheet made of two adhered
resistive films is adhered on the screen of the image display device by an
adhesive. However, it is impossible to achieve a high resolution in the
resistive film scheme. A Japanese Published Unexamined Patent Application
9-3220Z3 discloses a remote control unit in which a pressure sensitive film
forming a resistive pressure sensor is integrally overlapped on the liquid
crystal display device with a detecting precision of about 1 mm. A Japanese
Published Unexamined Patent Application 46-21879 discloses an electrical
tablet device including an electrically conductive square sheet having
electrically conductive electrode devices provided at four corners. US
Patent 4,198,539 discloses a touch sensor of the analog capacity coupling
scheme and a linearization pattern provided on an outer peripheral portion.
US Patent 5,365,461 discloses an alternate use of a finger and a pen as an
input device of the touch sensor of the analog capacity coupling scheme.
0 3 J U L 200Z 3 To combine a prior touch sensor with a portable type image
display device such as a liquid crystal display device, the touch sensor
has been overlapped on a screen of the liquid crystal display device. The
problem caused in this case is that a thickness and weight of the liquid
crystal display device become large due to a thickness of the touch sensor
itself. In addition, the image quality is degraded. Summary of the
Invention According to one aspect of the invention, there is provided a
liquid crystal display device comprising: a first substrate and a second
substrate; a plurality of liquid crystal cells disposed between said first
and second substrates; a polarizes disposed on said first substrate on a
side opposite said plurality of liquid crystal cells; an electrically
conductive film, disposed between said polarizes and said first substrate,
for detecting position of an input device based upon signals applied to
said film, said electrically conductive film being directly applied to said
polarizes, wherein said film is continuous between edges of one of said
polarizes and said first substrate, and a linearization pattern is formed
on an outer peripheral region of said electrically conductive film.
According to another aspect of the invention, there is provided a liquid
crystal display device comprising: a first substrate and a second
substrate; a plurality of liquid crystal cells disposed between said first
and second substrates; a polarizes disposed on said first substrate on a
side opposite said plurality of liquid crystal cells; an electrically
conductive film, disposed between said polarizes and said first substrate,
for detecting position of an input device based upon signals applied to
said film, said film being deposited directly on said first substrate, and
wherein a linearization pattern is formed on an outer peripheral region of
said film. According to another aspect of the invention, there is provided
apolarizing device comprising: a polarizes, and an electrically conductive
film integrally disposed on said   0 3 JUL ,~~ 3a 



polarizes for detecting position of an input device based upon signals
applied to said film, wherein said film is continuous between edges of said
polarizes, and a linearization pattern is formed on an outer peripheral
region of said electrically conductive film. According to still another
aspect of the invention, there is provided a liquid crystal display device
comprising: a plurality of liquid crystal cells disposed between a pair of
substrates; an electrically conductive film integrally disposed on one of
said substrates for detecting position of an input device based upon
signals applied to said film, wherein said film is continuous between edges
of said one substrate, and a linearization pattern is formed on an outer
peripheral region of said electrically conductive film. Brief Description
of the Drawings   ,, 0 3 J U L 2002 -4 Figure 1 shows the general structure
of the liquid crystal display device of the present invention. Figure 2
shows the analog capacity coupling scheme. Figure 3 shows the analog
capacity coupling scheme. Figure 4 shows the linearization pattern. Figure
5 shows the linearization pattern. Figure 6 shows the linearization
pattern. Figure 7 shows the cross section of the structure of the liquid
crystal display device of the present invention. Figure 8 shows one example
of the signal processing operation in the analog capacity coupling scheme.
Figure 9 shows the touch pen used in the analog capacity coupling scheme.
Detailed Description of the Present Invention 



Fig.1 shows one example of the liquid crystal display device provided with
the touch sensor of the present invention. A liquid crystal layer 12 is
sandwiched between a glass substrate 8 and a glass substrate 18. The two
substrates 8 and 18 are made of the glass material, and the substrate 8 is
called as a cell glass, and the substrate 18 is called as a color filter
glass. A TFT array 10 is formed on a surface of the substrate facing to the
liquid crystal layer 12, In which the electrodes for each PEL   ,, ., 0 3 J
U L 2Q02 -5 (picture element) are arranged. A color filter layer 16 and an
Indium Tin Oxide (ITO) layer 14 operated as a common electrode are formed
on a surface of the glass substrate 18 facing to the liquid crystal layer
12. A polarizes 6, a diffusion sheet 4 and a backlight 2 are disposed on an
opposite surface of the substrate 8 to the liquid crystal layer 12. A
polarizes 24 is disposed on an opposite surface of the substrate 18 to the
liquid crystal layer 12. The structure just described is the structure of
the prior liquid crystal display device broadly used in the art. In
accordance with the present invention, a position detecting electrically
conductive film 20 is added. Although Fig.1 shows the example in which the
position detecting electrically conductive film 20 is provided between the
substrate 18 and the polarizes 24, the position detecting electrically
conductive film 20 can be integrally provided on front or rear surface of
the substrate 18 or the polarizes 24. Considering the capability of
detecting the position, the position detecting electrically conductive film
20 can be integrally provided on the other substrate 10 or the polarizes 6.
However, it is preferable to provide the position detecting electrically
conductive film 20 at a position proximity to the polarizes 24 rather than
a position adjacent to the ITO film 14 to increase an accuracy of the
position detecting operation and to decrease an undesired electrical
effects on the liquid crystal layer 12. In the case that the position
detecting electrically conductive film 20 is formed at the position
adjacent to the ITO film 14, it is necessary to insert an electrically
insulating film between the position detecting electrically conductive film
20 and the ITO film 14. In the case that the position detecting
electrically conductive film 20 is disposed between the substrate 18 and
the color filter layer 16, the color filter layer itself operates as the
insulating layer. In addition, a layer of low dielectric   ,, 03 JUL?~p~ -6
constant material may be disposed between the position detecting
electrically conductive film 20 and the ITO film 14 in addition to the
color filter layer to increase the insulating function by reducing the
capacitance. As described above, the present invention is not limited to
the structure in which the position detecting electrically conductive film
20 is directly and integrally mounted on the polarizer 24 or the substrate
18, and the present invention is realized in the structure in which the
position detecting electrically conductive film 20 is integrally mounted on
the polarizer 24 or the substrate 18 through the color filter layer 16 or
another layer. More preferably, the position detecting electrically
conductive film 20 is disposed between the polarizer 24 and the substrate
18. Typically, the upper surface of the polarizer is a rugged surface
formed by a non-gloss process. In this case, it may be difficult to form an
uniform position detecting electrically conductive film. In the case that
the position detecting electrically conductive film is formed on the
surface of the polarizer, it is necessary to form an additional protection
layer. But, if the position detecting electrically conductive film is
formed between the polarizer 24 and the substrate 18, the polarizer itself
operates as the protection film. Next, the method for detecting the
position in accordance with the present invention is described. In the
analog capacity coupling scheme, the touch sensor is formed by coating the
glass with the position detecting electrically conductive film, and forming
the electrodes at the four corners of the glass. An electric field of low
voltage is uniformly distributed over the position detecting electrically
conductive film by applying an    



0 3 J U L ~pp~  voltage to the electrodes at the four corners. The touch at
a position of the sensor surface capacitively couples the underlying
conductive film to ground. The coupling capacitances in the case that the
finger of the operator touches the surface of the polarizer 24 of FIG. 1
are the capacitance through the polarizer in series with the capacitance of
the operator's body ' to earth ground. Each of resistive values between the
touched portion and the respective electrodes at the four corners is
proportional to a distance between the touched portion and the electrode.
Accordingly, at each of the electrodes at the four corners, a current
proportional to the distance between the touched portion and the electrode
is detected. The position is detected by calculating a positional
coordinate of the touched portion based upon the currents detected by the
respective electrodes. The value of current detected in this scheme is
about several micro amperes, and a detection accuracy of about 1 nano
amperes is required. Fig.2 shows a circuit including resistors R1, R2, R3
and R4 between the touched portion and the respective electrodes at the
four corners, and Fig.3 shows an equivalent circuit thereof. In the case
that the electric field of the low voltage distributed over the position
detecting electrically conductive film is perfectively uniform, the
positional coordinates can be calculated by the following equations.
X=[(I2+I3)-(I4+Il)]/[(I2+I3)+(I4+I1)] .... (1)
Y=[(I2+I1)-(I4+I3)]/[(i2+I3)+(I4+Il)] .... (2)   ,) 0 3 J U!. 2Q~~ _s_
Fig.4 shows the distribution of the electric field lines 30 when the
voltage is applied to the electrodes at the four corners. The electric
fields distributed on the position detecting electrically conductive film
are nonuniform, as apparent from the tact that the electric field lines 30
are curved. The linearization pattern 22 shown in the Fig.l is provided to
change the curved electric field lines to the lines of the uniform electric
field. The linearization pattern 22 can be formed between the position
detecting electrically conductive film 20 and the polarizer 24, as shown in
the Fig.l, or between . the substrate 18 and the position detecting
electrically conductive film 20. Various types of the linearization pattern
22 are possible, and the Fig.5 shows one example of the linearization
pattern. The electrodes 32 are provided at the tour corners, and the
linearization patterns 34 are provided along the edge of the position
detecting electrically conductive film. Fig.6 shows the distribution of the
electric field lines or straight equipotential lines 36 in the case that
the ideal - linearization is realized. In the Fig.6, the straight
equipotential lines 36 are evenly spaced, in other words, the straight
equipotential lines 36 are so distributed that the adjacent equipotential
lines 36 are separated by an uniform space, and the above described
equations (1) and (2) apply only if the equipotential lines 36 are straight
and evenly spaced. In the present invention, the position detecting
electrically conductive film is integrally formed on the polarizer or the
substrate which are the components of the liquid crystal display device. In
the prior technology, the touch sensor having the glass substrate provided
with the position detecting electrically conductive film is prepared as a
separate component, and this touch sensor is mounted on the screen of the
image    -9 0 3 J U L 2002 



display device such that the touch sensor overlaps the screen of the image
display device. In this case, the weight of the glass substrate of the
touch sensor is added to the weight of the image display device, the total
thickness of the image display device is increased, the fabrication cost is
increased, and the image quality is degraded by the additional interfaces.
Further, there is the possibility that the touch sensor mechanically
mounted to the image display device might be disengaged from the image
display device due to an expected shock, so that this type of touch sensor
was unsuitable for the portable type image display device. The liquid
crystal display device of the present invention is a quite preferable way
to realize an image display device having the position detecting means of a
high sensitivity and a high resolution. In general, the image data signals
in the image display device are continuously varied. Accordingly, in the
case that a very weak electrical signal is measured as performed in the
present invention, the measurement is very much affected by noises due to
the variation of the signals. The measurement in the case of the liquid
crystal display device is also affected by the noises since the potential
of the PEL electrodes is varied. However, since the potential of the common
electrode is fixed or inverted at a predetermined period in the driving
scheme of the electrode in the liquid crystal display device, it is
possible to use the common electrode, i.e. the ITO film 14 existing between
the position detecting electrically conductive film 20 and the TFT array
10, as a noise shield. Accordingly, the liquid crystal display device can
realize the position detection with the extremely high precision which is
nor so much affected by the noises.    0 3 a a ~ zo~~ '-10 The inverted
driving scheme is normally performed in the liquid crystal display device
since if the liquid crystal is driven by a fixed DC voltage, the ions
accumulate at one side of the liquid crystal layer, so that the liquid
crystal is deteriorated. Even if such inverted driving scheme is used, the
similar shield effects are expected. The methods for performing the
inverted driving scheme are a cot inversion in which the polarity of the
PEL electrode for each dot is inverted, a H inversion in which the polarity
of the common electrode for each scan line is inverted, and a V inversion
in which the polarity of the common electrode for each frame is inverted,
etc.. In the case of the dot inversion, the shield effects are expected
since the potential of the common electrode is always fixed. However, in
the cases of the H inversion and the V inversion, the position detecting
electrically conductive film is electrically affected by the inversion
since the potential of the common electrode is inverted. However, since the
potential is varied at the fixed period, it is possible to precisely detect
the touched position ` by compensating the effects of the variation. Tn
conclusion, it is possible to shield the effects of the random variation of
the potential of the PEL electrodes by the common electrode. It is desired
to integrally mount the position detecting electrically conductive film
onto she substrate 18 or the polarizer 24 of the Fig.l to precisely
compensate the electrical effects due to the inverted driving scheme. In
the case that the touch sensor including the position. deteching
electrically conductive film is mounted on the outside of the image display
device, the distance between the common e-ectrode (i.e. the ITO film) and
the position derecting e-ectrically conductive film may change over time,
so that the p-ec=a compensation can not be performed. Considering t;=at the
polariner %~ _,n.:.3 the substrate 18   .. 0 3 J U L 200Z  are adhered by
the adhesive in many cases, it is extremely desirable to integrally mount
the position detecting electrically conductive film 20 on the substrate 18
to suppress a structural change or a generation of an internal stress due
to the variation of the component material based upon a lapse of time and
the temperature to the minimum level. A thin film of any material which is
transparent and has an uniform resistive value can be used as the position
detecting electrically conductive film, and the examples of the material
are ITO (Indium Tin Oxide), IZO (Indium Zinc Oxide) etc.. These films can
be formed by a physical film forming process, such as a sputtering, and a
chemical film forming process, such as CVD. A preferable range of the
resistive value of the position detecting electrically conductive film is
200800 ohms/square, more preferably, 30 0500-ohms/square. If the resistive
value is smaller than these values, the accuracy of the position detection
is degraded. If the resistive value is larger than these values, the
detected current value is decreased, whereby an amplifier of high
sensitivity is required. The reasons for the degradation of the accuracy of
the position detection at the resistive value smaller than the above range
are, as follows. To change the curved electric field lines 30 shown in the
Fig.4 to the straight equipotential lines 36 shown in the Fig.6, it is
necessary that the linearization pattern has a sufficiently small resistive
value to ensure that the electric field initially extends from one
electrode along horizontally extended electrically conduct--ve strip of the
linearization pattern. It is desirable that the electrically conductive
strips of the linearization pattern have the resistive values represented
by the following equations.  



0 3 J U L 2002 ' -12 Rpattern f side ) -< 0 . 5Ra~=ect (W~H ) ( 3 )
Rpattern ( top ) - < 0 . 5RaE=ect ( HAW ) ( 4 ) "Rpattern(side)" represents
the resistive value of one of electrically conductive strips disposed at
the horizontal edges of the four edges. "Rpattern(top)" represents the
resistive value of one of electrically conductive strips disposed at the
vertical edges of the four edges. "Raetect" represents the sheet
resistivity value of the position detecting electrically conductive film.
"W" represents the length of the horizontal edges of the position detecting
electrically conductive film. "H" represents the length of the vertical
edges of the position detecting electrically conductive film. In the case
of the portable liquid crystal display device, since the available space
for the linearization pattern is usually only 2~3 mm, it is difficult to
decrease the resistive value of the linearization pattern. For this reason,
the resistive value of the position detecting electrically conductive film
should be selected to a large value. Accordingly, the effects of the
linearization becomes insufficient when the resistive value becomes small.
The case which is preferable in view of the fabrication process is that the
position detecting electrically conductive film 20 is formed on the outside
surface of the substrate 18 which is opposite to the color filter layer 16.
The color filter layer 16 is initially formed on one surface of the
substrate 18, the ITO film 19 is former on the color filter layer 16, and
the position detecting elect-ically conductive-.-e film 20 is formed on the
opposite surface of the substrate 18. Either the ITO film 14 or the
position detecting electrically conductive film 20 can be initially formed.
Since both the position detecting electrically   0 3 ~UL 2002 -13
conductive film 20 and ITO film 14 can be formed by the similar process,
such as the sputtering, the continuous process becomes possible and it
causes the great advantage. Any material which has the desired resistive
value and shows a stability can be used as the material of the
linearization pattern. For example, Ag, MoW, chromium oxide can be used. To
form the linearization pattern, the electrically conductive material can be
directly deposited, or an ink in which the electrically conductive material
is dispersed in a polymer, such as an epoxy resin can be deposited. Various
processes, such as a screen printing, sputtering, photo-imaging and
etching, etc. can be used to form the linearization pattern. Fig.7 shows
another aspect of the present invention. In the Fig.7, only the substrate
18, the position detecting electrically conductive film 20, the
linearization pattern 22 and the polarizes 24 among the structure shown in
the Fig.1 are shown. - The position detecting electrically conductive film
20 is formed on the substrate 18, and the linearization pattern 22 is
formed on the outer peripheral region of the position detecting
electrically conductive film 20. In this embodiment, the size of the
polarizes 29 is smaller than the size of the position detecting
electrically conductive film 20 such that the polarizes 24 is not contact
the linearization pattern 22. In an alternate embodiment, the polarizes 24
may contact the linearization pattern 22. In this case, the linearization
pattern may be sufficiently thick such that the polarizes 24 does not
adhere to the position detecting electrically conductive film 2~ and an air
gap forms between the polarizes 24 and the substrate l8. It has been
confirmed that when the linearization    0 3 ~ a ~ Zoo2 



-14 pattern is formed by screen printing, the linearization pattern is
typically sufficiently thick to form an air gap. It is possible to reduce
the generation of the air gap by slanting the linearization pattern 22. In
addition, the air gap can be minimized by decreasing the thickness of the
linearization pattern. For example, if the thickness of the linearization
pattern 22 is less than about 10:m, the generation of the air gap can be
significantly reduced without using a smaller size polarizes. However, if
the thickness of the linearization pattern is thinned, its resistive value
becomes large, and the accuracy of the position detection is degraded.
Accordingly, in this case, it is necessary to form the linearization
pattern 22 using a low resistive material such as a MoW or chromium oxide
or other suitable material. Such materials make it possible to form the
linearization pattern 22, having the thickness of the range 0.01:m~several
:m, which is suitable for the use in the present invention. Fig.8 shows one
example of the signal processing operation E in the present invention. The
potential data measured by the electrodes at the four corners of the
position detecting electrically conductive film of the image display device
40 are amplified by four low noise amplifiers 42, the values of the
numerators and the denominators of the equations (1) and (2) are
operatively processed in analog form by sum and difference circuits 44.
These processed values are selectively sent to a filter 48, a lack-in
amplifier 50 and a gated integrator 52 by a multiplexes 46, and finally
converted to digital data by an A/D converter 56. The digital data are sent
to a computer by which the operation based upon the equations (1) and (2)
is performed to calculate the positional coordinate of the touched portion.
After the positional coordinate is calculated, the positional coordinate is
sent to a software driver, which typically emulates   v 0 3 J U L ~OQ~ -is
a mouse operation to perform various operations on the panel surface of the
liquid crystal display device. For example, an operation for drawing a line
based upon a plurality of touched portions, an operation for clicking an
icon displayed at the touched portion, etc.. The present invention can
detect the positional coordinate by either the finger or the touch pen. The
current or the voltage can be selected as the physical amount detected at
the four corners in accordance with the characteristics of the finger or
the touch pen, and the physical amount detected by the finger may differ
from the physical value detected by the touch pen. Different operational
tables can be selectively used depending upon the finger mode or the (touch
pen mode. The switch between the finger mode and the touch pen mode can be
performed as follows. In the finger mode, voltages are applied to the touch
screen corners and the currents drawn by the finger to ground are measures.
In pen mode, the voltage is applied to the pen instead of the touch screen,
and the currents injected into the screen by the pen are measured. -The
circuit can be switched between the two methods of operation until either a
finger or pen is detected. Fig.9 shows a structure of the touch pen 60. It
is possible to improve the precision in the detection by applying a
predetermined voltage to the touch pen. A signal line 64 is surrounded by a
shield cable 66. The touch pen 60 has a head portion 62 made of the
electrically conductive material mounted at a leading portion. Any
electrically conductive material can be used as the material of the head
portion, such as a metal, an electrically conductive plastic, a plastic in
which the electrically conductive material are dispersed, etc.. It is   .r
0 3 J UL 2002 -16 preferable to use the head portion made of the material a
main part of which is made of the plastic, to prevent the surface of the
panel from being scratched. The present invention can realize the thin type
liquid crystal display device with the light weight, so that it becomes
possible to realize the portable type liquid crystal display device. The
present invention can realize the detection of the touched position with
the high sensitivity and the high resolution by reducing the effects of the
noises due to the variation of the image data. The present invention also
can suppress the undesired generation of the air gap by reducing the
effects of the rugged structure of the linearization pattern. 



0 3 J U L 2p~~ 17 CLAIMS: 1. A liquid crystal display device comprising: a
first substrate and a second substrate; a plurality of liquid crystal cells
disposed between said first and second substrates; a polarizes disposed on
said first substrate on a side opposite said plurality of liquid crystal
cells; an electrically conductive film, disposed between said polarizes and
said first substrate, for detecting position of an input device based upon
signals applied to said film, said electrically conductive film being
directly applied to said polarizes, wherein said film is continuous between
edges of one of said polarizes and said first substrate, and a
linearization pattern is formed on an outer peripheral region of said
electrically conductive film. 2. A liquid crystal display device
comprising: a first substrate and a second substrate; a plurality of liquid
crystal cells disposed between said first and second substrates; a
polarizes disposed on said first substrate on a side opposite said
plurality of liquid crystal cells; an electrically conductive film,
disposed between said polarizes and said first 



substrate, for detecting position of an input device based upon signals
applied to said film, said film being deposited directly on said first
substrate, and wherein a linearization pattern is formed on an outer
peripheral region of said film.   0 3 ~ a ~ 2002 18 3. The liquid crystal
display device of claim 2, wherein the size of said polarizes is smaller
than a size of said film such that said polarizes does not contact said
linearization pattern. 4. The liquid crystal display device of claim 1,
wherein said input device is a human finger, and said signals are applied
directly to said film. 5. The liquid crystal display device of claim l,
wherein said input device is a touch pen, and said signals are injected
into said film by said touch pen. 6. A polarizing device comprising: a
polarizes, and an electrically conductive film integrally disposed on said
polarizes for detecting position of an input device based upon signals
applied to said film, wherein said film is continuous between edges of said
polarizes, and a linearization pattern is formed on an outer peripheral
region of said electrically conductive film. 7. The polarizes of claim 6,
wherein said input device is a human finger, and said signals are applied
directly to said film. 



8. The polarizes of claim 6, wherein said input device is a touch pen, and
said signals are injected into said film by said touch pen. 9. A liquid
crystal display device comprising: a plurality of liquid crystal cells
disposed between a pair of substrates; an electrically conductive film
integrally disposed on one of said substrates for detecting position of an
input device based upon signals applied to said film, wherein said    0 ~ J
U L 2002 19 film is continuous between edges of said one substrate, and a
linearization pattern is formed on an outer peripheral region of said
electrically conductive film. 10. The liquid crystal display device of
claim 9, wherein said input device is a human finger, and said signals are
applied directly to said film. 11. The liquid crystal display device of
claim 9, wherein said input device is a touch pen, and said signals are
injected into said film by said touch pen.
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