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(57) ABSTRACT 

An input-cable display device is provided including a first 
substrate on which a pair of electrodes that drive a liquid 
crystal layer are provided; a second substrate wherein the 
liquid crystal layer is formed within an inner surface of the 
second substrate between the first substrate and the second 
substrate; a detection electrode and a dielectric film that are 
laminated on an outer Surface of the second Substrate; a detec 
tor; a light shielding film; and a color filter layer, wherein the 
pair of electrodes provided on the first substrate comprises a 
pixel electrode and a common electrode, and the light shield 
ing film and the color filter layer are laminated on the inner 
surface of the second substrate. 
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INPUTCAPABLE DISPLAY DEVICE 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

0001. The present application is a continuation of U.S. 
patent application Ser. No. 11/957,047, filed on Dec. 14, 
2007, which claims priority to Japanese Priority Patent Appli 
cation.JP 2007-019138 filed in the Japan Patent Office on Jan. 
30, 2007, the entire content of which is hereby incorporated 
by reference. 

BACKGROUND 

0002 1. Technical Field 
0003. The present invention relates to an input-capable 
display device, such as, for example, a touch panel, to which 
an input function is added. 
0004 2. Related Art 
0005. In recent years, as a compact information electronic 
apparatus, such as a personal digital assistants (PDA) or a 
personal computer spreads, a display device that has added a 
so-called touch panel function, which is used for input opera 
tion by bringing an object, such as a finger or a pen, into 
contact with a display Screen, has been widely used. In such a 
touch panel, there is an electrostatic capacitance method as a 
method for detecting a position at which a finger, or the like, 
contacts, which is, for example, described in Japanese Unex 
amined Patent Application Publication No. 2006-146895 and 
Japanese Unexamined Patent Application Publication No. 
2003-196023. The electrostatic capacitance method is a 
method that flows a weak electric current through an electro 
static capacitance formed by touching a display Surface with 
user's finger and thereby detects a position of contact on the 
basis of the amount of electric current. Here, in the electro 
static capacitance method, a detection electrode formed in a 
planar manner and a dielectric film laminated on the detection 
electrode are used. By touching the dielectric film with the 
finger, an electrostatic capacitance is formed. 
0006. In a liquid crystal display device with a touch panel 
function that uses the above electrostatic capacitance method, 
there is a problem that, when an electric field generated by a 
driving signal that is Supplied between a pair of electrodes for 
driving a liquid crystal layer reaches the detection electrode, 
the accuracy of detection of a position of contact is decreased 
because this electric field component acts as a noise. Here, in 
the above liquid crystal display device with a touch panel 
function, it is attempted to remove a noise generated due to a 
signal that is generated from a driving signal. 
0007. In the above existing liquid crystal display device 
with a touch panel function, however, the following problem 
still remains. That is, in the existing liquid crystal display 
device with a touch panel function, there is a problem that it. 
requires a complex system for generating a signal that 
removes a noise. 

SUMMARY 

0008. An advantage of some aspects of the invention is 
that it provides an input-capable display device, which is 
capable of Suppressing an influence of noise without requir 
ing a complex System. 
0009. An aspect of the invention employs the following 
configuration to solve the problems. That is, an aspect of the 
invention provides an input-capable display device. The 
input-capable display device includes a first Substrate, a sec 
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ond Substrate, a detection electrode, a dielectric film, and a 
detector. A pair of electrodes that drive a liquid crystal layer 
are provided on the first substrate. The second substrate is 
opposed to the first Substrate through the liquid crystal layer. 
The detection electrode and the dielectric film are laminated 
on an outer surface of the second substrate. The detector 
detects a position at which an electrostatic capacitance is 
formed with the detection electrode through the dielectric 
film. The second substrate includes a shield conductor that is 
formed on a side adjacent to the liquid crystal layer. An 
electric potential of the shield conductor is fixed. 
0010. According to the above aspect of the invention, by 
providing the shield conductor in the second Substrate on the 
side adjacent to the liquid crystal layer, an influence of noise 
that is generated due to a driving signal of the liquid crystal 
layer is Suppressed without excessively thickening the second 
Substrate and without using a complex system, thus improv 
ing the accuracy of detection of a position of contact on the 
display Surface. That is, by Supplying a driving signal of the 
liquid crystal layer to the pair of electrodes, an electric field 
that is generated to be directed toward the second substrate is 
blocked by the shield conductor. For this reason, it is possible 
to prevent a coupling between the pair of electrodes and the 
detection electrode. Here, the pair of electrodes that drive the 
liquid crystal layer are provided in the first Substrate, and a 
sufficient distance is ensured between the pair of electrodes 
and the shield conductor. Therefore, the strength of electric 
field that is generated by the driving signal of the liquid 
crystal layer and directed toward the shield conductor is small 
as compared with the case where a vertical electric field mode 
electrode structure is employed. Thus, the shield conductor 
effectively blocks the electric field. Accordingly, without pro 
viding an additional complex system and without excessively 
thickening the second Substrate, a coupling between the pair 
of electrodes and the detection electrode is prevented and 
thereby an influence of noise due to the driving signal is 
Suppressed. In addition, by forming the shield conductor inte 
grally with the second substrate to not excessively thicken the 
second Substrate, it is possible to ensure a Sufficient transmit 
tance ratio. Furthermore, because the shield conductor and 
the detection electrode are sufficiently spaced apart from each 
other, it is possible to prevent a capacitance component from 
being formed between the shield conductor and the detection 
electrode. 

0011. In the input-capable display device according to the 
aspect of the invention, the shield conductor may have trans 
lucency. According to the above aspect of the invention, 
because the shield conductor is formed of a translucent con 
ductive material, it is possible to form a shield conductor in a 
planar shape, and it is possible to reliably suppress an influ 
ence of noise due to a driving signal of the liquid crystal layer. 
0012. In the input-capable display device according to the 
aspect of the invention, the shield conductor may constitute a 
light shielding film. According to this aspect of the invention, 
because the shield conductor also serves as a light shielding 
film, the thickness of the second substrate is reduced. 
0013. In the input-capable display device according to the 
aspect of the invention, the dielectric film may constitute a 
polarizer. According to this aspect of the invention, because 
the polarizer is formed by using a dielectric material, the 
number of components is reduced and the thickness of the 
input-capable display device is reduced. 
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0014. Additional features and advantages are described 
herein, and will be apparent from the following Detailed 
Description and the figures. 

BRIEF DESCRIPTION OF THE FIGURES 

0015 The invention will be described with reference to the 
accompanying drawings, wherein like numbers reference like 
elements. 
0016 FIG. 1 is a schematic cross-sectional view that 
shows an input-capable liquid crystal display device accord 
ing to a first embodiment of the invention. 
0017 FIG. 2 is an equivalent circuit diagram of FIG. 1. 
0018 FIG. 3 is a plan configuration diagram that shows a 
Sub-pixel region. 
0019 FIG. 4 is a cross-sectional view that is taken along 
the line IV-IV in FIG. 3. 
0020 FIG. 5 is a perspective view that shows a mobile 
personal computer. 
0021 FIG. 6 is a cross-sectional view that shows an input 
capable liquid crystal display device according to a second 
embodiment of the invention. 

DETAILED DESCRIPTION 

First Embodiment 

0022. A first embodiment of an input-capable display 
device according to the invention will now be described with 
reference to the accompanying drawings. Note that the scales 
of the drawings used in the following description are appro 
priately changed in order to make the components be recog 
nizable. Here, FIG. 1 is a schematic cross-sectional view that 
shows the input-capable liquid crystal display device. FIG. 2 
is an equivalent circuit diagram of FIG. 1. FIG. 3 is a plan 
configuration diagram that shows a Subpixel region. FIG. 4 is 
a cross-sectional view that is taken along the line IV-IV in 
FIG. 3. 
0023. Input-Capable Display Device 
0024. The input-capable liquid crystal display device (in 
put-capable display device) 1 is a transmissive color liquid 
crystal display device, in which a single pixel is constituted of 
three sub-pixels that output colored rays of R (red), G (green), 
B (blue). Here, a display area that becomes a minimum unit 
for forming display is termed as “sub-pixel region’. Here, a 
display area that becomes a minimum unit for forming dis 
play is termed as “sub-pixel region'. 
0025 First, the schematic configuration of the input-ca 
pable liquid crystal display device 1 according to the present 
embodiment will be described. The input-capable liquid crys 
tal display device 1 according to the present embodiment, as 
shown in FIG. 1, includes an element substrate (first sub 
strate) 11, which is an active matrix Substrate, an opposite 
substrate (second substrate) 12 that is opposed to the element 
substrate 11, and a liquid crystal layer 13 that is held between 
the element substrate 11 and the opposite substrate 12. The 
input-capable liquid crystal display device 1 is configured to 
irradiate illuminating light from the outer surface side (the 
side away from the liquid crystal layer 13) of the element 
Substrate 11. In addition, the input-capable liquid crystal dis 
play device 1 includes a seal material 14, which is Substan 
tially rectangular and box-shaped in plan view, provided at 
the outer peripheral portion of an opposed area in which the 
element substrate 11 is opposed to the opposite substrate 12. 
By this seal material, the element substrate 11 and the oppo 
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site Substrate 12 are adhered to each other. Then, an image 
display area is formed inside the seal material 14 within the 
input-capable liquid crystal display device 1. Furthermore, 
the input-capable liquid crystal display device 1 includes a 
detection electrode 15 that is provided on the outer surface 
side the side away from the liquid crystal layer 13) of the 
opposite substrate 12, a polarizer 16 that is provided on the 
outer surface side of the element substrate 11, a polarizer 
(dielectric film) 17that is provided on the outer surface side of 
the detection electrode 15, and a detector 18 that detects a 
position of electrostatic capacitance formed with the detec 
tion electrode 15 through the polarizer 17. 
0026. A plurality of sub-pixel regions are arranged in the 
image display area of the input-capable liquid crystal display 
device 1 in a matrix, as shown in FIG. 2. In each of the 
plurality of Sub-pixel regions, a pixel electrode (first elec 
trode) 21 and a TFT (thin film transistor) element 22 that is 
used for switching the control of the pixel electrode 21 are 
formed. In addition, in the image display area, a plurality of 
data lines 23 and a plurality of scanning lines 24 are arranged 
in a grid. The sources of the TFT elements 22 are connected 
to the corresponding data lines 23, the gates thereofare con 
nected to the corresponding scanning lines 24, and the drains 
thereof are connected to the corresponding pixel electrodes 
21. 

0027. The data lines 23 are configured to supply image 
signals S1, S2, ... Sn that are Supplied from a driving circuit 
(not shown), which is provided in the input-capable liquid 
crystal display device 1, to the corresponding subpixel 
regions. Here, the data lines 23 may be configured to Supply 
the image signals S1 to Sn sequentially in the order of lines or 
may be configured to Supply the image signals S1 to Sn in 
units of a plurality of the grouped data lines 23 that are 
arranged adjacent to each other. The scanning lines 24 are 
configured to Supply scanning signals G1, G2, ...Gm, which 
are Supplied from a driving circuit (not shown) provided in the 
input-capable liquid crystal display device 1, to the corre 
sponding Sub-pixel regions. Here, the scanning lines 24 Sup 
ply the scanning signals G1 to Gm in a pulse-like manner in 
the order of lines at a predetermined timing. 
0028. In addition, the input-capable liquid crystal display 
device 1 is configured so that, as the TFT element 22, which 
is a Switching element, is made into an on state only during a 
certain period because of the input of the scanning signals G1 
to Gm, the image signals S1 to Sn Supplied from the data lines 
23 are written to the pixel electrodes 21 at a predetermined 
timing. Then, predetermined levels of image signals S1 to Sn 
that are written to the liquid crystal through the pixel elec 
trodes 21 are maintained during a certain period between the 
pixel electrodes 21 and common electrodes (second elec 
trode) 43, which will be described later. 
0029. A detailed configuration of the input-capable liquid 
crystal display device 1 will now be described with reference 
to FIG.3 and FIG. 4. Note that the opposite substrate 12 is not 
shown in FIG. 3. Note that the opposite substrate 12 is not 
shown in FIG.3. In addition, in FIG.3, the long axis direction 
of the Substantially rectangular Sub-pixel region in plan view 
is defined as X axis direction and the short axis direction is 
defined as Y axis direction. The element substrate 11, as 
shown in FIG. 4, includes a substrate body 31, a base protec 
tion film 32, a gate insulating film 33, a first interlayer insu 
lating film 34, a second interlayer insulating film 35, a third 
interlayer insulating film 36 and an alignment layer 37. The 
substrate body 31 is formed of a translucent material, such as 
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glass, quartz or plastic, for example. The base protection film 
32, the gate insulating film 331 the first interlayer insulating 
film 34, the second interlayer insulating film 35, the third 
interlayer insulating film 36 and the alignment layer 37 are 
sequentially laminated on the inner Surface of the Substrate 
body 31 (the side adjacent to the liquid crystal layer 13). In 
addition, the element substrate 11 includes a semiconductor 
layer 41, a scanning line 24, a data line 23, a connection 
electrode 42, a common electrode 43, and a pixel electrode 
21. The semiconductor layer 41 is arranged on the inner 
surface of the base protection film 32. The scanning line 24 is 
arranged on the inner Surface of the gate insulating film 33. 
The data line 23 and the connection electrode 42 are arranged 
on the inner surface of the first interlayer insulating film 34. 
The common electrode 43 is arranged on the inner surface of 
the second interlayer insulating film 35. The pixel electrode 
21 is arranged on the inner surface of the third interlayer 
insulating film 36. 
0030 The base protection film 32 is, for example, formed 
of a translucent siliconoxide, such as SiO2 (oxide silicon), for 
example, and covers the substrate body 31. Note that the 
material of the base protection film 32 is not limited to SiO2, 
but it may be formed of an insulating material, such as SiN 
(silicon nitride), SiON (silicon oxynitride), or ceramics thin 
film. The gate insulating film 33 is, for example, formed of a 
translucent material. Such as SiO2, for example, and is pro 
vided to cover the semiconductor layer 41 that is formed on 
the base protection film 32. The first interlayer insulating film 
34 is, for example, formed of a translucent material. Such as 
SiO2, and is provided to cover the gate insulating film 33 and 
the Scanning line 24that are formed on the gate insulating film 
33. The second interlayer insulating film 35 is, for example, 
formed of a translucent material. Such as acrylic, and is pro 
vided to cover the first interlayer insulating film 34 and also 
cover the data line 23 and the connection electrode 42 that are 
formed on the first interlayer insulating film 34. The third 
interlayer insulating film 36 is, for example, formed of a 
translucent material, such as SiN, and is provided to cover the 
common electrode 43 that is formed on the inner surface of 
the second interlayer insulating film 35. The alignment layer 
37 is, for example, formed of a resin material, such as poly 
imide, and is provided to cover the pixel electrode 21 that is 
formed on the third interlayer insulating film 36. In addition, 
an alignment process is treated on the Surface of the alignment 
layer 37 so that the short axis direction (Y axis direction) of 
the Sub-pixel region shown in FIG. 3 is made as an alignment 
direction. 

0031. As shown in FIG. 3 and FIG. 4, the semiconductor 
layer 41 has a Substantially L-shape in plan view and is 
formed to include portion of an area that overlaps the scan 
ning line 24 in plan view through the gate insulating film 33. 
Then, a channel region 41a is provided on an area of the 
semiconductor layer 41, which overlaps the scanning line 24 
in plan view through the gate insulating film 33. In addition, 
the semiconductor layer 41 includes a source region 41b and 
a drain region 41c that are formed by injecting impurity ion 
therein. Thus, the TFT element 22 is formed using the semi 
conductor layer 41 as a main body. Note that the channel 
region 41a is formed by not injecting impurity ion into poly 
silicon. Here, the semiconductor layer 41 may be formed as a 
LDD structure in which a high concentration region that has 
a relatively high impurity concentration in the source region 
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and the drain region and a low concentration (LDD (Lightly 
Doped Drain)) region that has a relatively low impurity con 
centration are formed. 
0032. The scanning line 24 is arranged along the short axis 
direction (Y axis direction) of the substantially rectangular 
Sub-pixel region in plan view. The scanning line 24 is, for 
example, formed of a metal material. Such as Al (aluminum). 
In addition, portion of the Scanning line 24, which is opposed 
to the channel region 41a through the gate insulating film 33, 
functions as the gate electrode. The data line 23 is arranged 
along the long axis direction (X axis direction) of the Sub 
pixel region in plan view. The data line 23 is, for example, 
formed of a metal material. Such as Al. In addition, the data 
line 23 is connected to the source region 41b of the semicon 
ductor layer 41 through a contact hole H1 that extends 
through the gate insulating film 33 and the first interlayer 
insulating film 34. That is, the data line 23 connects the TFT 
elements 22 that are arranged along the X axis direction. The 
connection electrode 42 is connected to the drain region 41c 
of the semiconductor layer 41 through a contact hole H2 that 
extends through the gate insulating film 33 and the first inter 
layer insulating film 34. 
0033. The common electrode 43 is formed to cover the 
second interlayer insulating film 35. The common electrode 
43 is, for example, formed of a translucent conductive mate 
rial. Such as ITO (indium tin oxide). Then, an opening 43a is 
formed at a portion of the common electrode 43, which is 
located in proximity to a contact hole H3, which will be 
described later, that is used to conduct the pixel electrode 21 
with the connection electrode 42 in order to ensure electrical 
insulation against the pixel electrode 21. In addition, the 
common electrode 43 is, for example, applied with a signal 
that switches periodically between a predetermined certain 
Voltage and 0 V, or applied with a signal that Switches peri 
odically (every frame period or every field period) between a 
first predetermined certain potential and a second predeter 
mined certain potential that is different from the first prede 
termined certain potential, which are used for driving the 
liquid crystal layer 13. 
0034. As shown in FIG.3 and FIG. 4, the pixel electrode 
21 has a Substantially ladder shape in plan view and is, for 
example, formed of a translucent conductive material. Such as 
ITO, as well as the common electrode 43. Then, the pixel 
electrode 21 includes a rectangular frame-shaped frame por 
tion 21a in plan view and a plurality of stripe portions 21b that 
extend in the substantially short axis direction (Y axis direc 
tion) of the Sub-pixel region and are arranged at intervals in 
the long axis direction (X axis direction) of the sub-pixel 
region. 
0035. The frame portion 21a is formed so that two pairs of 
stripe electrodes are connected so as to form a Substantially 
rectangular frame shape in plan view. Two pairs of opposite 
sides respectively extend along the long axis direction (X axis 
direction) and along the short axis direction (Y axis direc 
tion). In addition, the frame portion 21a is connected to the 
connection electrode 42 through the contact hole H3 that 
extends through the second interlayer insulating film 35 and 
the third interlayer insulating film 36. In this way, the pixel 
electrode 21 is connected to the drain of the TFT element 22. 
The stripe portions 21b are formed so as to be parallel to each 
other. Both ends of each stripe portion 21b are connected to 
the frame portion 21a at portions which extend along the Y 
axis direction. In addition, the stripe portions 21b are pro 
vided so that the extending directions of the stripe portions 
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21b are not parallel to the Y axis direction. That is, the extend 
ing direction of each of the stripe portions 21b is formed so 
that each strip portion 21b approaches the scanning line 24 as 
it extends from one end adjacent to the data line 23 to the other 
end away from the data line 23 in plan view. As described 
above, the input-capable liquid crystal display device 1 is 
configured so that a Voltage is applied between the stripe 
portions 21b and the common electrode 43 and then the liquid 
crystal is driven by an electric field (lateral electric field) that 
is generated in a direction in which the plane of the substrate 
extends. In this way, the pixel electrode 21 and the common 
electrode 43 constitute a FFS (Fringe-Field Switching) mode 
electrode structure. 

0036. On the other hand, as shown in FIG. 4, the opposite 
substrate 12 includes a substrate body 51, a shield electrode 
(shield conductor) 52, a light shielding film 53, a color filter 
layer 54 and an alignment layer 55. The substrate body 51 is, 
for example, formed of a translucent material. Such as glass, 
quartz or plastic. The shield electrode 52, the light shielding 
film 53, the color filter layer 54 and the alignment layer 55 are 
sequentially laminated on the inner Surface of the Substrate 
body 51 (the side adjacent to the liquid crystal layer 13). The 
shield electrode 52 is formed entirely on the inner surface of 
the opposite substrate 12. The shield electrode 52 is, for 
example, formed of a translucent conductive material. Such as 
ITO. Then, the shield electrode 52 overlaps the pixel elec 
trode 21 and the common electrode 43 through the liquid 
crystal layer 13. Here, the shield electrode 52 has a sheet 
resistance of 1 kS2/sq or below, for example. In addition, the 
shield electrode 52 is ensured to be conducted with a wiring 
portion (not shown), which is provided on the element sub 
strate 11 through an inter-substrate conductive material (not 
shown), which is formed of a conductive material at the end 
portion of the opposite substrate 12. Then, the shield elec 
trode 52 exhibits a substantially constant potential through 
this wiring portion. 
0037. The light shielding film 53 is formed in a substan 

tially grid in plan view in a region in which, of the Surface of 
the shield electrode 52, the edge portion of the sub-pixel 
region overlaps the TFT element 22, the data line 23 and the 
scanning line 24 through the liquid crystal layer 13 in plan 
view. The light shielding film 53 edges the subpixel region. In 
addition, the color filter layer 54 is arranged at a position 
corresponding to each Sub-pixel region so as to cover the light 
shielding film 53. The color filter layer 54 is, for example, 
formed of acrylic and contains a color material corresponding 
to the color the Sub-pixel region displays. The alignment layer 
55 is, for example, formed of a translucent resin material, 
Such as polyimide and is provided so as to cover the color 
filter layer 54. Then, a rubbing process in the same direction 
as the alignment direction of the alignment layer 55 is treated 
on the inner surface of the alignment layer 55. 
0038 Because the alignment process in which the short 
axis direction (Y axis direction) of the sub-pixel region is 
defined as an alignment direction is performed for the align 
ment layers 37, 55, liquid crystal molecules that forms the 
liquid crystal layer 13 are aligned horizontally along the Y 
axis direction when no voltage is applied between the pixel 
electrode 21 and the common electrode 43, that is, in an off 
state. In addition, liquid crystal molecules are aligned along 
the direction perpendicular to the extending directions of the 
stripe portions 21b when voltage is applied between the pixel 
electrode 21 and the common electrode 43, that is, in an on 
state. Thus, in the liquid crystal layer 13, by using a birefrin 
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gent characteristic on the basis of a difference in alignment 
state of liquid crystal molecules between an off state and an 
on state, a phase difference is given to light that is transmitted 
through the liquid crystal layer 13. 
0039. The detection electrode 15 is formed entirely over 
the outer surface of the opposite substrate 12. The detection 
electrode 15 is, for example, formed of a translucent conduc 
tive material, such as ITO. In addition, terminal portions (not 
shown) are provided at respective four corners of the substan 
tially rectangular detection electrode 15 in plan view. The 
terminal portions are Supplied with a detection signal from 
the detector 18. 
0040. The polarizer 16 is, for example, formed so that a 
film formed by using a dielectric material of polyvinyl alco 
hol (PVA) as a base. Then, the polarizer 16 is provided so that 
the polarization axis thereof extends along the long axis direc 
tion (the X axis direction shown in FIG. 2) of the sub-pixel 
region. The polarizer17 as well as the polarizer 16 is formed 
so that a film of polyvinyl alcohol (PVA) is used as a base. 
Note that a protection film (not shown) that protects the 
polarizer 17 may be provided on the outer surface side of the 
polarizer 17. Then, the polarizer 17 is provided so that the 
polarization axis thereof extends along the short axis direc 
tion (the Y axis direction shown in FIG. 2) of the sub-pixel 
region. Thus, the polarizers 16, 17 are provided so that their 
polarization axes are substantially perpendicular to each 
other. Here, a quarter wavelength plate may be arranged on 
the inner side of the polarizer 17. By arranging the quarter 
wavelength plate, it is possible to prevent ambient light that 
enters from the outer surface of the polarizer 17 from being 
reflected on the element substrate 11 to exit outside. Note that, 
in coordination with the quarter wavelength plate, the polar 
ization axis of the polarizer 17 is changed appropriately. In 
addition, an optical compensation film (not shown) may be 
arranged on one of or both of the inner side of the polarizers 
16, 17. By arranging the optical compensation film, it is 
possible to compensate for a phase difference of the liquid 
crystal layer 13 when the input-capable liquid crystal display 
device 1 is viewed obliquely. Also, it is possible to increase 
the contrast by reducing a leakage of light. The optical com 
pensation film employs a medium that combines a negative 
uniaxial medium and a positive uniaxial medium or a biaxial 
medium having refractive indices of nx>nz>ny for respective 
directions. 
0041. The detector 18 is configured to generate a uniform 
electric field within the plane of the detection electrode 15 by 
applying the terminal portions provided on the detection elec 
trode 15 with alternating Voltages having the same phase and 
same potentials. In addition, the detector 18 is configured to 
detect a position of contact of a finger, or the like, through a 
measured value of the magnitude of electric current that flows 
through an electrostatic capacitance formed with the detec 
tion electrode 15 through the polarizer 17. 
0042 Operation of Input-Capable Liquid Crystal Display 
Device 
0043. The operation of the above configured input-ca 
pable liquid crystal display device 1 will now be described. 
Light entering from the outer surface side of the element 
substrate 11 is converted by the polarizer 16 to a linearly 
polarized light that is parallel to the long axis direction (X axis 
direction shown in FIG. 3) of the sub-pixel region and then 
enters the liquid crystal layer 13. Here, when it is in an off 
state, the linearly polarized light that has entered the liquid 
crystal layer 13, owing to the liquid crystal layer 13, exits 
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from the liquid crystal layer 13 in the same polarized state as 
it was when entered the liquid crystal layer 13. Then, this 
linearly polarized light, because its polarized direction is 
perpendicular to the polarization axis of the polarizer 17, is 
blocked by the polarizer 17 and/hence, the sub-pixel region 
appears to be a dark display. On the other hand, when it is in 
an on state, the linear light that has entered the liquid crystal 
layer 13 is given a predetermined phase difference (/2 wave 
length) by the liquid crystal layer 13 and is converted to a 
linearly polarized light that has a polarized direction perpen 
dicular to the polarized direction when it entered the liquid 
crystal layer 13 and then exits from the liquid crystallayer 13. 
Then, this linearly polarized light, because its polarized direc 
tion is parallel to the polarization axis of the polarizer 17, is 
transmitted through the polarizer 17 to be viewed as a display 
light and, hence, the Sub-pixel region appears to be a bright 
display. 
0044. At this time, when image signals S1 to Sn are sup 
plied from the data lines 23 to the liquid crystal layer 13, 
electric fields are generated between the pixel electrodes 21 
and the common electrodes 43 that are formed on the element 
substrate 11. Here, a sufficient gap is formed between the 
pixel electrodes 21 and common electrodes 43 and the shield 
electrode 52 that is provided in the opposite substrate 12. 
Therefore/the strength of electric fields that become noise, 
traveling from the pixel electrodes 21 and common electrodes 
43 toward the shield electrode 52 due to the supply of the 
image signals S1 to Sn becomes Small as compared with a 
so-called vertical electric field mode electrode structure, such 
as a TN mode, for example, in which the common electrode is 
provided in the opposite substrate. Thus, the electric fields 
that travel from the pixel electrodes 21 and common elec 
trodes 43 toward the detection electrode 15 are effectively 
blocked by the shield electrode 52. 
0045. Then, when user's finger touches the polarizer 17 in 
a state where a uniform alternating Voltage is applied within a 
plane of the detection electrode 15, an electrostatic capaci 
tance is formed between the detection electrode 15 and the 
finger through the polarizer 17. Thus, electric current flows 
from the terminal portions provided on the detection elec 
trode 15 through the electrostatic capacitance. The detector 
18 detects the magnitude of electric current that flows by the 
formation of electrostatic capacitance through, for example, 
the four corners of the detection region, respectively, and then 
detects a position of contact of the finger, or the like, from 
those pieces of information. Here, because the substrate body 
51, and the like, is provided between the detection electrode 
15 and the shield electrode 52 and a sufficient gap is formed 
therebetween, a capacitance component is prevented to be 
formed between the detection electrode 15 and the shield 
electrode 52. 
0046 Electronic Apparatus 
0047. The above configured input-capable liquid crystal 
display device 1 is used as a display portion 101 of a mobile 
personal computer 100, as shown in FIG. 5, for example. This 
mobile personal computer 100 includes the display portion 
101 and a main body portion 103 that has a keyboard 102. 
0048. As described above, according to the input-capable 
liquid crystal display device 1 in the present embodiment, by 
providing the opposite substrate 12 with the shield electrode 
52, an influence of noise generated while driving the liquid 
crystal layer 13 is Suppressed without excessively thickening 
the opposite Substrate 12 and without using a complex sys 
tem, thus improving the accuracy of detection of a position of 
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contact on the display Surface. Furthermore, a Sufficient dis 
tance is ensured between the pixel electrodes 21 and common 
electrodes 43 and the shield electrode 52, so that an influence 
of noise generated while driving the liquid crystal layer 13 is 
small as compared with the case where a vertical electric field 
mode electrode structure is employed. Thus, the shield elec 
trode 52 effectively blocks the noise. Then, because the shield 
electrode 52 and the detection electrode 15 are sufficiently 
spaced apart from each other, no capacitance component is 
formed between the shield electrode 52 and the detection 
electrode 15. Moreover, the shield electrode 52 is formed of a 
translucent conductive material, such as ITO, and the shield 
electrode 52 may be formed in a planar shape, so that it is 
possible to reliably block a noise. In addition, because the 
polarizer 17 is formed by using a dielectric material, the 
number of components is reduced. 

Second Embodiment 

0049. A second embodiment of an input-capable liquid 
crystal display device according to the invention will now be 
described with reference to the drawings. Here, FIG. 6 is a 
cross-sectional view that shows a Sub pixel region. Note that, 
in the present embodiment, because the configuration of the 
sub-pixel region differs from that of the first embodiment, this 
point will be specifically described. The same reference 
numerals are assigned to the components described in the 
above embodiment, and a description thereof is omitted. 
0050. In the input-capable liquid crystal display device 
110, as shown in FIG. 6, a light shielding film (shield con 
ductor) 112 that is provided in an opposite substrate 111 is 
formed of a conductive material and also serves as a shielding 
conductor. That is, the opposite substrate 111 includes the 
substrate body 51, the shield electrode 112, the color filter 
layer 54 and the alignment layer 55. The light shielding film 
112, the color filter layer 54 and the alignment layer 55 are 
sequentially laminated on the inner Surface of the Substrate 
body 51. The light shielding film 112 is, for example, formed 
of a metal material. Such as Cr (chrome), having a light 
absorption characteristic or a conductive material, having a 
light absorption characteristic, that is formed by dispersing 
carbon black in a resin. Then, the light shielding film 112 is 
connected to the wiring portion provided the element Sub 
strate 11 through the above described inter-substrate conduc 
tive member at the end portion of the opposite substrate 12. 
Thus, an electric potential of the light shielding film 112 is 
controlled to a certain potential. Note that the light shielding 
film 112 has an opening portion that is formed in correspon 
dence with the sub-pixel region; however, an electric field that 
is generated due to signals Supplied to the pixel electrodes 21 
so as to be directed from the pixel electrodes 21 and common 
electrodes 43 toward the detection electrode 15 can be 
blocked sufficiently. 
0051. As described above, even with the input-capable 
liquid crystal display device 110 in the present embodiment, 
the same function and advantageous effects as those of the 
above described embodiment are obtained; however, because 
the light shielding film 112 also serves as a shield conductor, 
the number of components is reduced and thickness of the 
opposite substrate 111 is reduced. 
0052. Note that the invention is not limited to the embodi 
ments described above, but it may be modified into various 
forms without departing from the spirit of the invention. For 
example, the potential of the shield electrode is fixed by 
conducting the shield electrode to the element substrate 
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through the inter-substrate conductive member provided at 
the end portion of the opposite substrate; however, another 
method may be employed as long as the potential of the shield 
electrode is fixed. In addition, the polarizer provided on the 
outer Surface side of the opposite Substrate constitutes a 
dielectric film; however, a dielectric film may be separately 
provided in addition to the polarizer. 
0053. In addition, the input-capable liquid crystal display 
device is configured so that the pixel electrodes and the com 
mon electrodes have the FFS mode electrode structure; how 
ever, it may employ another electrode structure that uses a 
so-called horizontal electric field mode, such as IPS (In-Plane 
Switching) mode. Then, the input-capable liquid crystal dis 
play device is a transmissive liquid crystal device; however, it 
may be a configuration of another liquid crystal display 
device. Such as a reflective liquid crystal display device or a 
transflective liquid crystal display device. Furthermore, it is 
not limited to a color liquid crystal display device. 
0054 Moreover, the electronic apparatus that is provided 
with the input-capable liquid crystal display device is not 
limited to the mobile personal computer, but it may be another 
electronic apparatus, such as a cellular phone, a PDA (Per 
Sonal Digital Assistants), a personal computer, a laptop per 
Sonal computer fa workStation, digital still camera, an on 
board monitor, a car navigation system, a heads-up display, 
digital video camera, a television; a viewfinder type or direct 
view type video tape recorder a pager, a personal organizer, an 
electronic calculator, an electronic book; a projector, a word 
processor, a video telephone, a POS terminal, and devices 
provided with a touch panel display. 
0055. It should be understood that various changes and 
modifications to the presently preferred embodiments 
described herein will be apparent to those skilled in the art. 
Such changes and modifications can be made without depart 
ing from the spirit and scope of the present Subject matter and 
without diminishing its intended advantages. It is therefore 
intended that such changes and modifications be covered by 
the appended claims. 
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The invention is claimed as follows: 
1. An input-cable display device comprising: 
a first substrate on which a pair of electrodes that drive a 

liquid crystal layer are provided; 
a second Substrate that is opposed to the first Substrate 

through the liquid crystal layer, wherein the liquid crys 
tallayer is formed within an inner surface of the second 
Substrate between the first substrate and the second sub 
Strate; 

a detection electrode and a dielectric film that are lami 
nated on an outer Surface of the second Substrate; 

a detector that detects a position at which an electrostatic 
capacitance is formed with the detection electrode 
through the dielectric film; 

a light shielding film; and 
a color filter layer, 
wherein the pair of electrodes provided on the first sub 

strate comprises a pixel electrode and a common elec 
trode, and 

the light shielding film and the color filter layer are lami 
nated on the inner surface of the second substrate in 
order of the light shielding film and the color filter layer 
from the side of the second substrate toward the liquid 
crystal layer. 

2. The input-capable display device according to claim 1, 
wherein the dielectric film constitutes a polarizer. 

3. The input-capable display device according to claim 1, 
wherein the pair of electrodes constitute a horizontal electric 
field mode structure. 

4. The input-capable display device according to claim 1, 
wherein the pair of electrodes are arranged on different layers 
of the first substrate. 

5. The input-capable display device according to claim 1, 
wherein the detection electrode is sandwiched directly 
between the second substrate and the dielectric film. 
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