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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a glare-resist-
ant touch panel, and more particularly relates to a tech-
nique for improving the operability of the touch panel in
use environments that involve relatively high tempera-
tures.

Description of the Related Art

[0002] A typical touch panel is constructed of an ul-
trathin glass plate (base sheet member) and a flexible
transparent resin film (top sheet member) that are set
facing each other and have resistive membranes respec-
tively on their opposed surfaces, with spacers being
placed in between the two sheet members in order to
provide a certain spacing.
[0003] With an ever-widening range of applications of
such touch panels, the demand for products that provide
new additional values is growing in recent years. As an
example, for combined use with a liquid crystal display
(LCD) panel equipped in an outdoor-use device such as
a car navigation system, a glare-resistant touch panel
which is coated with a film of polarizer on its surface has
been devised to keep the visibility of the display of the
LCD panel from decreasing due to irregular reflections
of incident light.
[0004] The polarizer used here is generally made of a
resin film. Such a polarizing resin film has a thermal linear
expansion coefficient eight to nine times that of glass
which forms the base sheet member.
[0005] This large difference in thermal linear expan-
sion coefficient between the top and base sheet mem-
bers causes the following problems. As the temperature
rises, the whole top sheet member including the polarizer
bulges outward, thereby seriously deforming the touch
panel. Besides, the operability of the touch panel de-
creases, as the space between the top and base sheet
members widens and forces the user to apply a greater
pressure to operate the touch panel. Given the recent
trend toward larger touch panels with upsizing of LCD
panels, the amount of outward bulge of the top sheet
member is likely to increase, which will further degrade
the touch panel’s operability.
[0006] This problem can be overcome by coating the
upper surface of the polarizer with a resin film whose
thermal linear expansion coefficient is lower than that of
the polarizer, to keep the polarizer from bulging outward.
An experiment on operability was conducted using a
touch panel in which a PET (polyethylene terephthalate)
film was adhered to the upper surface of the polarizer as
a bulge-resistant film. As a result, the touch panel dem-
onstrated high operability in a normal range of ambient
temperatures. However, when left standing at a high am-

bient temperature over 60°C for a long time and then
removed from that atmosphere and put in a normal tem-
perature (around 26°C), the touch panel bulged upward
and became seriously deformed, resulting in poor oper-
ability.
[0007] Inside a car parked in an outdoor parking lot
under the scorching sun, the ambient temperature can
easily reach as high as 80°C especially near a dash-
board. If a car navigation system equipped with a touch
panel is left in such a hostile condition, the top sheet
member of the touch panel will bulge upward greatly,
causing a significant decrease in operability.
[0008] US-A-5668576 relates a transparent touch pan-
el that includes a movable electrode film which is trans-
parent and flexible, a hard coating layer which is trans-
parent and formed on an upper surface of the movable
electrode film, a movable electrode which is transparent
and formed over a lower surface of the movable electrode
film. Also provided is a transparent contractible resin lay-
er which is formed between the movable electrode film
and the movable electrode in correspondence to the hard
coating layer, a fixed electrode-supporting member dis-
posed in opposition to the movable electrode film, a fixed
electrode formed on the fixed electrode supporting mem-
ber, and spacer formed between the lower surface of the
movable electrode film and the upper surface of the fixed
electrode supporting member.

SUMMARY OF THE INVENTION

[0009] In view of the above problems, the present in-
vention aims to provide a touch panel whose appearance
and operability are not impaired event after being left in
high temperature environments, despite its use of a po-
larizer in a top sheet member to ensure visibility outdoors
[0010] The above object can be achieved by a resis-
tive-membrane touch panel including: a first sheet mem-
ber having a first resistive membrane on a main surface
thereof; a second sheet member that is flexible and has
a second resistive membrane on a main surface thereof,
the second sheet member being opposed to the first
sheet member with a spacer interposed in between in
such a manner that the second resistive membrane and
the first resistive membrane face each other with a certain
spacing therebetween; and a third sheet member that is
laminated on an outer main surface of the second sheet
member, wherein the second sheet member has a po-
larizing property, and the third sheet member has a ther-
mal contraction rate no lower than a thermal contraction
rate of the second sheet member. The thickness of the
third sheet member is in a range of 50mm to 250 mm.
[0011] Since the second sheet member has the polar-
izing property, the touch panel is guarded against glare.
When such a touch panel is mounted on the front of a
display panel such as an LCD panel, the visibility of the
content displayed on the display panel is improved. Also,
even when the second sheet member and the third sheet
member contract in a high ambient temperature, after
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the ambient temperature returns to normal the third sheet
member will not become slack against the second sheet
member, because the thermal contraction rate of the third
sheet member is equal to or larger than that of the second
sheet member underneath it. Hence the outward bulge
of the touch panel is effectively suppressed, and its ap-
pearance and operability is maintained regardless of
temperature variations.
[0012] Here, the third sheet member may have a lower
thermal linear expansion coefficient than the second
sheet member. Even when the second sheet member is
expanding to bulge outward as the ambient temperature
rises, the third sheet member with the lower thermal linear
expansion coefficient serves to suppress such an out-
ward bulge of the second sheet member, so that the dis-
tance between the first and second sheet members will
not widen substantially. As a result, the appearance and
operability of the touch panel can be maintained regard-
less of temperature variations.
[0013] Here, the second sheet member and the third
sheet member may be adhered with an adhesive that
has a stress relieving property. The adhesive layer
formed as such can absorb thermal stress growing be-
tween the second and third sheet members at elevated
temperatures. Accordingly, no deviation from alignment
will occur between the second and third sheet members,
so that the operability of the touch panel can be main-
tained. Here, the viscoelasticity of the stress relieving
adhesive is preferably in a range of 1.03105dyn/cm2 to
1.2310dyn/cm2. Also, the third sheet member may be
coated with a hard coating material on its surface which
is to be adhered to the second sheet member. In so doing,
the adhesion of the third sheet member with the stress
relieving adhesive is strengthened, which improves the
durability of the touch panel.
[0014] Here, the third sheet member may have a lower
hygroscopic linear expansion coefficient than the second
sheet member. Even when the second sheet member is
expanding to bulge outward due to moisture absorption,
the third sheet member with the lower hygroscopic linear
expansion coefficient serves to keep the second sheet
member from bulging outward. Thus, the outward bulge
of the touch panel due to moisture absorption can be
effectively suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] These and other objects, advantages and fea-
tures of the invention will become apparent from the fol-
lowing description thereof taken in conjunction with the
accompanying drawings that illustrate a specific embod-
iment of the invention. In the drawings:

Fig. 1 is a perspective view of a touch panel accord-
ing to an embodiment of the invention;
Fig. 2 is an exploded view showing the construction
of the touch panel;
Fig. 3 is a partly enlarged sectional view showing the

laminated structure of the touch panel;
Fig. 4 is a table showing thicknesses and thermal
linear expansion coefficients of structural members
laminated in the touch panel;
Fig. 5 is a table showing the results of experiment
on the operability of the touch panel when a 1100mm-
thick glass plate was used as a base sheet member
and a heated PET film was adhered to a polarizing
plate as a bulge-resistant film;
Fig. 6 is a table showing the results of experiment
on the operability of the touch panel when a 1100mm-
thick glass plate was used as the base sheet member
and a heated PET film was adhered to the polarizing
plate as the bulge-resistant film using a stress reliev-
ing adhesive;
Fig. 7 is a table showing the results of experiment
on the operability of the touch panel when a 1100mm-
thick glass plate was used as the base sheet member
and an unheated PET film was adhered to the po-
larizing plate as the bulge-resistant film using the
stress relieving adhesive;
Fig. 8 is a table showing the results of experiment
on the operability of the touch panel when a 700mm-
thick glass plate was used as the base sheet member
and a heated PET film was adhered to the polarizing
plate as the bulge-resistant film;
Fig. 9 is a table showing the results of experiment
on the operability of the touch panel when a 700mm-
thick glass plate was used as the base sheet member
and a heated PET film was adhered to the polarizing
plate as the bulge-resistant film using the stress re-
lieving adhesive;
Fig. 10 is a table showing the results of experiment
on the operability of the touch panel when a 700mm-
thick glass plate was used as the base sheet member
and an unheated PET film was adhered to the po-
larizing plate as the bulge-resistant film using the
stress relieving adhesive;
Fig. 11 is an expanded sectional view showing the
contact area of the unheated PET film and the po-
larizing plate in the touch panel;
Fig. 12 is a partly enlarged sectional view showing
the laminated structure of a variant of the touch pan-
el; and
Fig. 13 is a partly enlarged sectional view showing
the laminated structure of another variant of the
touch panel.

DESCRIPTION OF THE PREFERRED EMBODI-
MENT(S)

[0016] The following is a description on a touch panel
according to an embodiment of the present invention,
with reference to the figures.

(General Construction of a Touch Panel 100)

[0017] Fig. 1 is a perspective view of a touch panel 100
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according to the embodiment of the invention.
[0018] As illustrated, the touch panel 100 is construct-
ed by laminating a top sheet member 110 and a base
sheet member 130 with a spacer 140 being placed ther-
ebetween.
[0019] The top sheet member 110 is a flexible, trans-
parent sheet member for receiving user input made with
a finger or an input pen, and is made by laminating a
plurality of resin films (described later). Reference nu-
meral 120 is a connector unit that is connected to elec-
trodes inside the touch panel 100.
[0020] Fig. 2 is an exploded view of the touch panel
100 shown in Fig. 1.
[0021] In the figure, the spacer 140 has a shape of a
picture frame except for a clearance 141. The spacer 140
is made of a PET film or the like. An adhesive is applied
to both upper and lower sides of the spacer 140, and the
top sheet member 110 and the base sheet member 130
are bonded with the spacer 140 along their edges. The
clearance 141 serves to release air from inside the touch
panel 100. As the ambient temperature changes, air
trapped between the top sheet member 110 and the base
sheet member 130 expands or contracts. However, with
the clearance 141 permitting the passage of air from/to
the outside, the internal pressure is kept equal to the
external pressure. Accordingly, there will be no degra-
dation in operability caused by the internal pressure in-
creasing against the external pressure due to the thermal
expansion of the inside air. The larger the size of the
touch panel 100, the larger the volume of the space be-
tween the top sheet member 110 and the base sheet
member 130 becomes, which means the greater amount
of air flows through the clearance 141 as the temperature
changes. In such a case, it may be necessary to provide
more clearances like the clearance 141 in the touch panel
100.
[0022] In the case of Fig. 2, in addition to the clearance
141 there is one more clearance at the hindmost corner
of the spacer 140 (not shown).
[0023] Also, the spacer 140 has a recessed part 142
into which the connector unit 120 is to be inserted.
[0024] Dot spacers 160 are provided at a certain inter-
val between the base sheet member 130 and the top
sheet member 110 inside the inner edges of the spacer
140. Together with the spacer 140, the dot spacers 160
serve to keep the distance between the opposed surfac-
es of the top sheet member 110 and base sheet member
130 uniformly at around 100mm.
[0025] A resistive membrane 111 made of ITO (indium
tin oxide) is formed almost throughout the lower surface
of the top sheet member 110 by sputtering. A pair of
electrodes 112 are disposed on two opposite sides of the
resistive membrane 111. Also, a pair of electrode termi-
nals 114 to be coupled to a pair of connector electrodes
122 formed on the connector unit 120 are located on part
of the lower surface of the top sheet member 110 which
is not covered with the resistive membrane 111 and which
meets the connector unit 120. The pair of electrode ter-

minals 114 and the pair of electrodes 112 are connected
via a pair of wiring patterns 113.
[0026] The base sheet member 130 is made of ultrathin
glass. Like the top sheet member 110, a resistive mem-
brane 131 made of ITO is formed almost throughout the
upper surface of the base sheet member 130 by sputter-
ing. A pair of electrodes 132 are disposed on two opposite
sides, that are perpendicular to the two sides of the re-
sistive membrane 111 on which the pair of electrodes
112 are disposed, of the resistive membrane 131. Also,
a pair of electrode terminals 134 to be coupled to a pair
of connector electrodes 123 formed on the connector unit
120 are located on part of the upper surface of the base
sheet member 130 which is not covered with the resistive
membrane 131 and which meets the connector unit 120.
The pair of electrode terminals 134 and the pair of elec-
trodes 132 are connected via a pair of wiring patterns 133.
[0027] The connector unit 120 is one end of a connect-
ing cable 190 which is made by forming four wiring pat-
terns 129 on a resin film of PET or polyimide with a paste
made of silver or the like and sandwiching them with an-
other resin film of the same material. On the upper and
lower surfaces of this connector unit 120 are exposed
the ends of the four wiring patterns 129 in pairs, with
carbon printing being applied to the exposed ends to form
the pair of connector electrodes 122 and the pair of con-
nector electrodes 123.
[0028] The reason that the four wiring patterns and the
four connector electrodes are not separated but com-
bined in a single connector unit is to save both materials
cost and man-hours needed for manufacturing.
[0029] In the completely assembled touch panel 100,
the pair of connector electrodes 122 and the pair of con-
nector electrodes 123 are respectively bonded to the pair
of electrode terminals 114 of the top sheet member 110
and the pair of electrode terminals 134 of the base sheet
member 130. This bonding of a connector electrode and
an electrode terminal is done by first coating the bonding
area with a mixed silver-carbon conductive paste which
is the common material of the wiring patterns, and then
applying thermocompression bonding from both sides
thereof.
[0030] Also, an incision 121 is provided between the
pair of connector electrodes 122 and the pair of connector
electrodes 123 in the connector unit 120, in order to re-
lieve stress induced by the difference in thermal linear
expansion coefficient between the top sheet member 110
and the base sheet member 130. Even when the top
sheet member 110 and the base sheet member 130 ex-
pand by differing degrees as the temperature rises,
stress acting on the connector unit 120 due to the differ-
ence in expansion can be absorbed through the incision
121. Hence poor contact and break hardly occur in this
part over a wide range of temperatures.

(Laminated Structure of the Touch Panel 100)

[0031] Fig. 3 is a partial expanded sectional view show-
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ing the laminated structure of the touch panel 100. For
convenience in explanation, the laminated structure of
an LCD panel 200 on which the touch panel 100 is mount-
ed is also shown.
[0032] In the figure, the top sheet member 110 is made
by laminating a bulge-resistant film 101, a polarizing plate
102, a quarter wavelength plate 103, and a light isotropic
film 104 in this order from above, through the use of an
adhesive (not shown). The resistive membrane 111 is
formed underneath the bottommost light isotropic film
104.
[0033] In this embodiment, a PET film which is not heat-
treated after manufacturing (hereinafter, "unheated PET
film") is used as the bulge-resistant film 101.
[0034] The top sheet member 110 is opposed to the
base sheet member 130 with the dot spacers 160 being
placed in between. The resistance membrane 131 is
formed on the opposed surface of the base sheet mem-
ber 130.
[0035] Fig. 4 shows table 1 which presents thicknesses
and thermal linear expansion coefficients of structural
members laminated in the touch panel 100.
[0036] The polarizing plate 102 used here is made by
sandwiching a drawn PVA (polyvinyl alcohol) film, on
which a dichromatic pigment such as iodine or dichro-
matic dye has been adsorbed and oriented, between
TAC (triacetylacetate) films as protective films using an
adhesive. In this embodiment, the thickness of the PVA
film is 20mm and the thickness of the two TAC films is
116mm (58mm32). Since the thin FVA film expands with
the thick TAC films, the thermal linear expansion coeffi-
cient of the polarizing plate 102 as a whole is approxi-
mately equal to that of the TAC films
(5.4310-5cm/cm/°C).
[0037] The quarter wavelength plate 103 is made from
a PC (polycarbonate) film.
[0038] The light isotropic film 104 is a resin film that
exhibits no polarization against light incident thereupon.
In this embodiment, a norbornene thermoplastic trans-
parent resin having an aliphatic ring structure, for exam-
ple, ARTON film manufactured by JSR Corporation (AR-
TON is a trademark of the company), is used as the light
isotropic film 104. The ARTON film, for its excellent trans-
parency, surface hardness, and heat resistance, lends
itself to use for touch panels.
[0039] Directly underneath the touch panel 100 is pro-
vided the transparent LCD panel 200. This LCD panel
200 has a well known construction made up of a pair of
polarizing plates 202 and 203 and a liquid crystal cell 201
interposed therebetween. A quarter wavelength plate
204 is laminated on the upper surface of the polarizing
plate 202.
[0040] Also, a backlight source (not shown) is located
underneath the LCD panel 200.
[0041] Here, instead of being laminated on the upper
surface of the LCD panel 200, the quarter wavelength
plate 204 may be adhered to the lower surface of the
base sheet member 130 of the touch panel 100. As long

as the quarter wavelength plate 204 is positioned be-
tween the base sheet member 130 and the LCD panel
200, the following improvements in visibility of the display
of the LCD panel 200 can be attained.
[0042] The effects produced by the polarizing plate 102
and the quarter wavelength plates 103 and 204 are ex-
plained below.
[0043] The polarizing plate 102 is set so that its polar-
izing axis is parallel to the polarizing axis of the polarizing
plate 202 in the LCD panel 200. Meanwhile, the quarter
wavelength plate 103 is set so that its optical axis forms
an angle of 45° with the polarizing axis of the polarizing
plate 102.
[0044] Extraneous light incident through the bulge-re-
sistant film 101 is converted into linearly polarized light
by the polarizing plate 102, and further converted into
circularly polarized light by the quarter wavelength plate
103. This circularly polarized light is reflected partly off
the upper surfaces of the base sheet member (glass)
130, LCD panel 200, and/or resistive membranes 111
and 131 and as a result reenters the quarter wavelength
plate 103 where it is changed to linearly polarized light.
Here, since the circularly polarized light was reversed in
rotation direction when reflected, the polarizing plane of
the linearly polarized light emerging from the quarter
wavelength plate 103 has been rotated 90° with respect
to the polarizing plane of the linearly polarized light pre-
viously emitted from the polarizing plate 102. Therefore,
the linearly polarized light that has emerged from the
quarter wavelength plate 103 cannot pass through the
polarizing plate 102 and go up any further.
[0045] Thus, when extraneous light enters the touch
panel 100 and is reflected off inside the touch panel 100,
the reflected light will not leave the touch panel 100. Ac-
cordingly, the user can get a clear view of the content
displayed on the LCD panel 200 outdoors, without suf-
fering from glare.
[0046] The quarter wavelength plate 204 attached to
the upper surface of the LCD panel 200 is set so that its
optical axis forms an angle of 45° with the polarizing axis
of the polarizing plate 202. Since the polarizing axis of
the polarizing plate 202 is set to be parallel to that of the
polarizing plate 102, the optical axis of the quarter wave-
length plate 204 forms an angle of 45° with the polarizing
axis of the polarizing plate 102, too. It should be noted
here that the optical axis of the quarter wavelength plate
204 is oriented so as to form an angle of 45° with the
polarizing axis of the polarizing plate 102 in a direction
opposite to a direction in which the optical axis of the
quarter wavelength plate 103 forms an angle of 45° with
the polarizing axis of the polarizing plate 102. That is to
say, the optical axes of the quarter wavelength plates
103 and 204 are set perpendicular to each other.
[0047] With this arrangement, light from the backlight
source which becomes linearly polarized light having
passed through the polarizing plate 202 is converted into
circularly polarized light by the quarter wavelength plate
204. This circularly polarized light is changed again into
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linearly polarized light when passing through the quarter
wavelength plate 103. Here, since the optical axes of the
quarter wavelength plates 103 and 204 are perpendicular
to each other, the polarizing plane of this linearly polar-
ized light emerging from the quarter wavelength plate
103 recovers the original orientation, that is, the polariz-
ing plane of the linearly polarized light is parallel to the
polarizing plane of the linearly polarized light immediately
after passing through the polarizing plate 202. Also, since
the polarizing axes of the polarizing plates 102 and 202
are parallel to each other, the polarizing plane of the lin-
early polarized light that has traveled through the quarter
wavelength plate 103 from the backlight source is parallel
to the polarizing axis of the polarizing plate 102, so that
this linearly polarized light can pass through the polariz-
ing plate 102 as it is. Accordingly, light from the backlight
source is emitted to the outside without being blocked by
the polarizing plate 102 and the quarter wavelength plate
103 which are disposed to guard against glare. Thus, a
sufficient amount of light can be obtained with no need
to increase the output of the backlight source, which en-
sures high visibility.
[0048] As is clear from table 1 in Fig. 4, the thermal
linear expansion coefficient of each of the polarizing plate
102, the quarter wavelength plate 103, and the light iso-
tropic film 104 is about eight to nine times that of the glass
which constitutes the base sheet member 130. Accord-
ingly, as the temperature rises, these structural members
of the top sheet member 110 expand by greater amounts
than the glass.
[0049] As mentioned earlier, the top sheet member 110
and the base sheet member 130 are securely fixed to
each other at their edges via the spacer 140. As such,
even within a normal range of temperatures, the thermal
expansion of the top sheet member 110 goes upward
with temperature and results in the aforementioned out-
ward bulge, thereby impairing the appearance and op-
erability of the touch panel 100.
[0050] According to this embodiment, however, a PET
film a thermal linear expansion coefficient of which is low-
er than that of the polarizing plate 102 is placed on the
top of the top sheet member 110 as the bulge-resistant
film 101. Moreover, this PET film is not heat-treated and
so has a high thermal contraction rate. Through the use
of such an unheated PET film as the bulge-resistant film
101, the highly efficient touch panel 100 can be attained
which hardly develops any outward bulge not only in a
normal temperature but even after being exposed to a
temperature as high as 70°C for long hours.
[0051] The operability of this touch panel 100 is ex-
plained below, based on the following experimental re-
sults.

(Experimental Results)

[0052] Tables 2, 3, and 4 in Figs. 5, 6, and 7 present
the results of three experiments which, in comparison,
demonstrate that the bulge of the top sheet member 110

can be suppressed by employing an unheated PET film
as the bulge-resistant film 101.
[0053] These experiments were conducted in the fol-
lowing setting. When the temperature was -20°C or 70°C,
the atmosphere was set to be dry with almost no humidity,
whereas when the temperature was 40°C, 50°C, or 60°C,
the atmosphere was set to be damp with a high humidity
of 90%. For each of these atmospheres, the maximum
amount of bulge was measured in case O where the
touch panel was left in the atmosphere for 300 hours and
in case P where after being left in the atmosphere for
300 hours the touch panel was removed from the atmos-
phere and left in a normal temperature and humidity (ap-
proximately 25°C and 50%) for 24 hours.
[0054] The materials and thicknesses of structural
members of a touch panel used in each experiment are
the same as shown in table 1, except for the following
differences. In the experiment shown in table 2, a heat-
treated PET film (hereafter, "heated PET film") was ad-
hered to the polarizing plate 102 as the bulge-resistant
film 101 via an ordinary adhesive conventionally used for
resin films. In the experiment in table 3, a heated PET
film was adhered to the polarizing plate 102 as the bulge-
resistant film 101 via a stress relieving adhesive (ex-
plained later). In the experiment in table 4, an unheated
PET film was adhered to the polarizing plate 102 as the
bulge-resistant film 101 via the stress relieving adhesive.
The size of the touch panel in each experiment was
260mm3205mm (12.1 inches).
[0055] In each experiment, the amount of bulge was
measured in millimeters as a displacement of a point
where the largest bulge occurred from a reference plane.
The reference plane here is the upper surface of the top
sheet member 110 under the normal temperature and
humidity.
[0056] In addition to the above bulge test, the opera-
bility of the touch panel was evaluated by imposing var-
ious operating weights (80g, 100g, 130g, and 200g) onto
the touch panel with an ordinary input pen (made of poly-
acetal, 0.8mm in pen tip radius). This operability test was
repeated for ten sample touch panels of the same type
that had been put under the same atmospheric condition
among the above atmospheric conditions in case O and
case P. If all ten samples operated when pressed with
a certain operating weight by the input pen, the operability
was rated as "s" for that operating weight. If any one of
the ten samples did not operate, the operability was rated
as "Δ" for the operating weight. If none of the ten samples
operated, the operability was rated as "3" for the oper-
ating weight.
[0057] Needless to say, if all ten samples operate with
a small operating weight, the touch panel has high oper-
ability. In terms of practicality, it is desirable if all ten sam-
ples operate with an operating weight no larger than 100g
to 130g after the temperature is changed to normal. In
contrast, if some samples do not operate with an oper-
ating weight over 200g, the touch panel has poor oper-
ability and low product quality.
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[0058] For the touch panel in which the heated PET
film was adhered to the polarizing plate 102 with the or-
dinary adhesive, the experimental results were shown in
table 2 in Fig. 5. In case P, the operability was rated as
"s" with the operating weight 80g, only when the ambient
temperature changed from 40°C to normal. For the higher
temperature conditions, the touch panel did not show par-
ticularly high operability, as even in the case of 50°C the
operability was not rated as "s" until the operating weight
of 130g was imposed. Suppose the same experiment
was conducted on a conventional touch panel that does
not have the bulge-resistant film 101. When left standing
in an ambient temperature of 40°C (90% in humidity) for
24 hours, the conventional touch panel bulged by 2.5mm
and became seriously deformed. Besides, the operability
was rated as "3" even with an operating weight of 200g
or larger. Thus, the touch panel used in the experiment
in table 2 certainly demonstrates higher operability than
the conventional touch panel. However, it still has plenty
of room for improvement. To further improve operability,
an adhesive that will remain elastic even after being dried
(stress relieving adhesive) was used to bond the polar-
izing plate 102 and the heated PET film as the bulge-
resistant film 101, in the experiment shown in table 3 in
Fig. 6. The experiment produced satisfactory results, as
the operability was rated as "s" with the operating weight
80g except when the ambient temperature dropped from
the highest 70°C to normal.
[0059] Such different outcomes between the use of the
ordinary adhesive and the use of the stress relieving ad-
hesive can be attributed to the following cause.
[0060] By adhering the bulge-resistant film 101 of a
lower thermal linear expansion coefficient to the upper
surface of the polarizing plate 102, the thermal expansion
of the polarizing plate 102 induced by a rise in tempera-
ture is suppressed and the polarizing plate 102 is kept
from bulging upward. However, when the touch panel
100 is exposed to a temperature of 40°C or higher for
long hours, thermal stress acting between the bulge-re-
sistant film 101 and the polarizing plate 102 grows and
eventually "deviation" appears in the adhesive layer ther-
ebetween in such a direction that would relieve the ther-
mal stress. Then, once the temperature has dropped to
normal, the polarizing plate 102 with a higher thermal
linear expansion coefficient contracts by a greater extent
than the bulge-resistant film 101 while the deviation re-
mains, as a result of which the bulge-resistant film 101
becomes slack and bulges upward. This problem can be
solved by employing the stress relieving adhesive that
has greater elasticity than the ordinary adhesive, to allow
the adhesive layer absorb and alleviate thermal stress
acting between the bulge-resistant film 101 and the po-
larizing plate 102. With the use of such a stress relieving
adhesive between the bulge-resistant film 101 and the
polarizing plate 102, even if deviation occurs therebe-
tween when the ambient temperature is high, such devi-
ation can be resolved by the elastic force of the adhesive
after the ambient temperature returns to normal, so that

the two members are brought back into proper alignment.
Hence the outward bulge of the bulge-resistant film 101
is suppressed and the operability is substantially im-
proved.
[0061] The property of being able to relieve stress
(stress relieving property) can be measured by viscoe-
lasticity G’ (elasticity modulus) of an adhesive. The stress
relieving adhesive used in this embodiment showed vis-
coelasticity of 5.43105dyn/cm2 (in 25°C and 10Hz) after
drying. Such a stress relieving adhesive delivers im-
provements in bulge resistance and operability.
[0062] If the viscoelasticity of an adhesive is too small,
its adhesion decreases. To be able to bond two resin
films as in this embodiment, in general viscoelasticity of
at least 1.03105dyn/cm2 is required. While the ordinary
adhesive used in the experiment in table 2 had viscoe-
lasticity of 1.53106dyn/cm2, it was found by experiment
that viscoelasticity of 1.03106dyn/cm2 was sufficient to
suppress the outward bulge to a certain extent. Accord-
ingly, viscoelasticity no greater than 1.23106dyn/cm2

(i.e. about mid-viscoelasticity between 1.03106dyn/cm2

and 1.53106dyn/cm2) should be enough to deliver a
bulge-resistant effect greater than the ordinary adhesive.
It is therefore preferable for the stress relieving adhesive
to have viscoelasticity in a range of 1.03105dyn/cm2 to
1.23dyn/cm2, in order to effectively suppress the out-
ward bulge without undermining the adhesion between
the bulge-resistant film 101 and the polarizing plate 102.
[0063] If, on the other hand, the stress relieving adhe-
sive is too liquid, there is a danger that lower-boiling in-
gredients contained in the adhesive vaporize under high
temperature conditions and bubbles emerge in the ad-
hesive layer between the bulge-resistant film 101 and
the polarizing plate 102. When this happens, heat resist-
ance or heat-moisture resistance of the adhesive layer
deteriorates. To avoid such deterioration, the viscoelas-
ticity of the stress relieving adhesive is more preferably
no lower than 4.03105dyn/cm2. Also, to maximize the
bulge-resistant effect, the viscoelasticity of the stress re-
lieving adhesive is more preferably no higher than
8.03105dyn/cm2.
[0064] Here, if the bulge-resistant film 101 is too thin,
it cannot endure the thermal expansion of the lower mem-
bers and will end up expanding itself. Therefore, the
bulge-resistant film 101 needs to have a certain thick-
ness. On the other hand, if the bulge-resistant film 101
is too thick, it cannot exhibit enough flexibility and so un-
dermines the operability of the touch panel 100. Accord-
ingly, the thickness of the bulge-resistant film 101 is pref-
erably in a range of 50mm to 250mm. More preferably,
the thickness of the bulge-resistant film 101 is in a range
of 125mm to 188mm, to thoroughly suppress the bulge
of the top sheet member 110 and maintain desired op-
erability over a wider range of temperatures. In the
present embodiment, a PET film having a thickness of
188mm is used as the bulge-resistant film 101, as shown
in table 1 in Fig. 4.
[0065] However, despite the use of the stress relieving
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adhesive, no improvement over the touch panel used in
the experiment in table 2 was seen when the ambient
temperature changed from the highest 70°C to normal,
as the operability was rated as "s" only with the operating
weight of 200g in table 3.
[0066] Theoretically, the outward bulge of the polariz-
ing plate 102 caused by thermal expansion should have
been suppressed if a resin film with a lower thermal linear
expansion coefficient was adhered to the polarizing plate
102 as the bulge-resistant film 101 via the stress relieving
adhesive. Therefore, the outward bulge after the ambient
temperature dropped from 70°C to normal should be at-
tributed not to the above thermal expansion cause but to
another cause.
[0067] The cause of the outward bulge in a tempera-
ture decrease from 70°C to normal lies in the difference
in thermal contraction rate between the heated PET film
and the polarizing plate.
[0068] Generally, resin films have a thermal property
that changes in thermal linear expansion coexist with
changes in thermal contraction. In a normal range of tem-
peratures up to around 50°C, thermal linear expansion
changes are more dominant and so a resin film expands
with temperature. However, as the temperature exceeds
the normal temperature range and approaches a glass
transition temperature, thermal contraction changes be-
come more dominant. Because of this property, when
the use environment is likely to involve sudden temper-
ature changes, a PET film is normally heat-treated to
have a low thermal contraction rate prior to use, so as
not to contract greatly and change in dimension at ele-
vated temperatures. Hence a heated PET film with a low
thermal contraction rate was used in the above experi-
ments in tables 2 and 3. In these experiments, however,
the very use of the heated PET film caused poor opera-
bility observed when the ambient temperature changed
from 70°C to normal.
[0069] Since thermal linear expansion surpasses ther-
mal contraction in each of the bulge-resistant film 101
and the polarizing plate 102 when the ambient temper-
ature stands at 70°C, the bulge-resistant film 101 does
not expand as much as the polarizing plate 102. As a
result, the polarizing plate 102 is kept from bulging up-
ward. However, though thermal expansion is a reversible
change, thermal contraction is an irreversible change.
Accordingly, once thermal contraction has occurred, that
contraction remains even after the temperature has re-
turned to normal. Here, if the bulge-resistant film 101 is
the heated PET film whose thermal contraction rate is
lower than the polarizing plate 102, the bulge-resistant
film 101, which has kept the polarizing plate 102 from
bulging upward in high temperature, will end up becom-
ing slack against the polarizing plate 102 when the tem-
perature returns to normal, due to a smaller shrinkage of
the bulge-resistant film 101 than the polarizing plate 102.
When this happens, the bulge-resistant film 101 itself
bulges upward, thereby impairing the operability of the
touch panel 100.

[0070] This can be solved by adopting a material
whose thermal contraction rate is higher than the polar-
izing plate 102 as the bulge-resistant film 101. In the ex-
periment in table 4 in Fig. 7, an unheated PET film whose
thermal contraction rate is higher than that of the polar-
izing plate 102 was used as the bulge-resistant film 101.
As a result, no bulge was found and the operability was
rated as "s" with the smallest operating weight 80g when
the ambient temperature changed from 70°C to normal.
[0071] When left standing at a temperature of 80°C for
50 hours, the unheated PET film showed a shrinkage of
about 1%, whereas the polarizing plate (mainly made of
TAC films) showed a shrinkage of about 0.5%. In the
case of the heated PET film, meanwhile, even when left
standing at a temperature as high as 120°C for 5 hours,
it only showed a very low shrinkage of about 0.14%.
[0072] Thus, by using the unheated PET film with a
higher thermal contraction rate than the polarizing plate
102 as the bulge-resistant film 101, high operability can
be ensured in almost all temperature conditions which
could happen in actual use of touch panels.
[0073] While in the above experiments a glass plate of
1100mm in thickness was used as the base sheet mem-
ber 130, a thinner glass plate is more advantageous for
weight reduction of the touch panel 100, especially when
the touch panel 100 is equipped in a portable device.
[0074] Tables 5, 6, and 7 shown in Figs. 8, 9, and 10
present the results of three experiments which respec-
tively correspond to the three experiments shown in ta-
bles 2, 3, and 4, except that a glass plate of 700mm in
thickness was used as the base sheet member 130.
Which is to say, the experiment in table 5 was conducted
on a touch panel the bulge-resistant film 101 of which is
a heated PET film adhered with the ordinary adhesive
and the base sheet member 130 of which is a 700mm-
thick glass plate. The experiment in table 6 was conduct-
ed on a touch panel the bulge-resistant film 101 of which
is a heated PET film adhered with the stress relieving
adhesive and the base sheet member 130 of which is a
700mm-thick glass plate. The experiment in table 7 was
conducted on a touch panel the bulge-resistant film 101
of which is an unheated PET film adhered with the stress
relieving adhesive and the base sheet member 130 of
which is a 700mm-thick glass plate.
[0075] In each of these experiments, while the ambient
temperature was -20°C, the amount of bulge was 1.5mm
and the operability was rated as "3" even with the max-
imum operating weight 200g. This can be explained as
follows. Since the thermal linear expansion coefficient of
the polarizing plate 102 is higher than that of the bulge-
resistant film 101, in an extreme low temperature the po-
larizing plate 102 contracts by a greater extent than the
bulge-resistant film 101. This causes such a bending
force that bulges the top sheet member 110 upward. Be-
sides, because of the thinness of the base sheet member
130 (700mm), the base sheet member 130 slightly sags
downward due to this bending force.
[0076] Meanwhile, the results after the ambient tem-
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perature changed to normal were the same as the ex-
periments conducted using the 1100mm-thick glass
plate.
[0077] To be more specific, for the touch panel with
the heated PET film adhered via the ordinary adhesive,
its operability was satisfactory only when the ambient
temperature changed from 40°C or -20°C to normal (see
table 5). However, for the touch panel with the heated
PET film adhered via the stress relieving adhesive, its
operability was satisfactory except when the ambient
temperature changed from 70°C to normal (see table 6).
For the touch panel with the unheated PET film adhered
via the stress relieving adhesive, its operability was sat-
isfactory in all atmospheric conditions in case P (see
table 7). These experimental results indicate that whether
the base sheet member 130 is a very thin glass plate of
700mm or a thicker glass plate of 1100mm, the operability
can be substantially improved by adhering the unheated
PET film onto the polarizing plate 102 using the stress
relieving adhesive.
[0078] Here, before adhering the unheated PET film
to the polarizing plate 102 as the bulge-resistant film 101
with the stress relieving adhesive, it is preferable to apply
a surface treatment to the adhered surface of the unheat-
ed PET film.
[0079] In general, a PET film and an adhesive made
of a stress relieving material do not have good adhesion,
and might come off from each other under sudden tem-
perature changes (especially in high temperatures).
Therefore, it is desirable to apply a surface treatment to
at least the adhered surface of the PET film to strengthen
the adhesion with the adhesive.
[0080] As the surface treatment, a well-known treat-
ment such as corona treatment or ozone ultraviolet irra-
diation treatment may be applied, but these treatments
are difficult in establishing stable work conditions in their
treatment processes. For reliability and manufacturabil-
ity, it is preferable to form a hard coat layer on the adhered
surface of the PET film using a material that has strong
adhesion with the stress relieving adhesive. This can be
done by coating the surface of the PET film with such a
material.
[0081] The hard coating material may be ultraviolet
cure unsaturated polyester, unsaturated acrylic resin, un-
saturated pclyurethane, polyamide, or the like. The coat-
ing may be easily done according to a well known roll
coating technique that applies the hard coating material
dissolved in a predetermined organic solvent to the sur-
face of the PET film using a roller.
[0082] Fig. 11 is an expanded sectional view showing
part of the top sheet member 110 in which the bulge-
resistant film 101 (unheated PET film) has been coated
with the hard coating material. Reference numeral 1021
designates the stress relieving adhesive layer between
the bulge-resistant film 101 and the polarizing plate 102.
[0083] In the figure, both surfaces of the bulge-resist-
ant film 101 are covered with the hard coatings, so that
hard coat layers 1011 and 1012 each having a thickness

of 5mm are present. Since these hard coat layers not only
realize strong adherence with the stress relieving adhe-
sive but also have excellent durability, the hard coat layer
1011 serves to increase resistance to abrasion caused
by pen input.
[0084] In each of the experiments shown in tables 3,
4, 6, and 7, the bulge-resistant film 101 was hard-coated
on both surfaces thereof, before being adhered to the
polarizing plate 102 via the stress relieving adhesive. As
a result, no exfoliation was found between the bulge-
resistant film 101 and the polarizing plate 102 even after
300 hours of exposure to high temperature conditions.

Modifications

[0085] Although the present invention has been de-
scribed based on the above embodiment, the invention
should not be limited to such. For instance, the following
modifications are possible.

(1) In the above embodiment, the quarter wavelength
plate 103, the polarizing plate 102, and the bulge-
resistant film 101 have been laminated on the light
isotropic film 104 as the base in the top sheet mem-
ber 110, and the resistive membrane 111 has been
formed underneath the light isotropic film 104 by
sputtering, as shown in Fig. 3. However, the light
isotropic film 104 may be omitted so that the resistive
membrane 111 is formed underneath a quarter
wavelength plate 105 (80mm in thickness) as the
base by sputtering, as shown in Fig. 12.

[0086] The quarter wavelength plate 105 may be made
of PC (polycarbonate) as in the above embodiment, or
may be made of polyarylate, polysulfone, PVA, nor-
bornene resin, olefin resin, or the like. Alternatively, the
ARTON film used for the light isotropic film 104 may be
drawn in one direction so as to be rendered double re-
fractive, and used as the quarter wavelength plate 105.
[0087] The ARTON film has excellent transparency,
surface hardness, and heat resistance as noted above,
and facilitates the formation of the resistive membrane
by sputtering.
[0088] Such an omission of one structural member
from the top sheet member 110 benefits both cost reduc-
tion and weight reduction (reduction of about 5g for a
12.1-inch touch panel). Also, since the top sheet member
110 becomes thinner, the touch panel 100 can operate
with smaller operating weights, which further benefits the
operability of the touch panel 100.

(2) In the above embodiment, linearly polarized light
has been converted into circularly polarized light, to
ensure visibility and resistance to glare (such a struc-
ture is hereafter referred to as "circularly polarizing
structure"). However, a certain level of visibility and
glare resistance can be achieved even if the touch
panel 100 does not have the circularly polarizing
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structure, as long as it is equipped with the polarizing
plate 102.

[0089] Fig. 13 is a partly enlarged sectional view show-
ing the laminated structure of the touch panel 100 that
does not have the circularly polarizing structure. As with
Fig. 3, the laminated structure of the LCD panel 200 is
also illustrated.
[0090] The top sheet member 110 is made by laminat-
ing the bulge-resistant film 101, the polarizing plate 102,
and the light isotropic film 104 through the use of an ad-
hesive (not shown). The resistive membrane 111 is
formed underneath the bottommost light isotropic film
104. The base sheet member 130 is opposed to the top
sheet member 110 with the dot spacers 160 being inter-
posed therebetween, and the resistive membrane 131 is
formed on the opposed surface of the base sheet mem-
ber 130. This structure differs with the circularly polarizing
structure in Fig. 3 in that the quarter wavelength plate
103 has been omitted.
[0091] Also, the quarter wavelength plate 204 has
been omitted from the LCD panel 200 underneath the
touch panel 100 in Fig. 13.
[0092] In this structure, the polarizing plate 102 in the
touch panel 100 is set so as to have its polarizing axis
parallel to that of the polarizing plate 202 in the LCD panel
200. This being so, light from the backlight source, having
passed through the polarizing plate 202, can pass
through the polarizing plate 102 as it is. Thus, the amount
of light from the backlight source hardly decreases, with
it being possible to ensure sufficient visibility.
[0093] Meanwhile, the amount of extraneous light in-
cident through the bulge resistant film 101 decreases by
approximately 1/2 at the polarizing plate 102, as the po-
larizing plate 102 allows only light whose polarizing plane
is parallel to its polarizing axis to pass through. As a result,
glare can be reduced to a tolerable level, though to a
lesser extent than the touch panel 100 of the circularly
polarizing structure.

(3) To further improve glare resistance and visibility,
the following techniques may be employed in the
above embodiment.

(a) Apply a well known anti-glare treatment to
the upper surface of the bulge-resistant film 101
(or the upper surface of the hard coat layer 1011
if the bulge-resistant film 101 has been hard-
coated on its upper surface for better durability)
(AG finish).
(b) Coat the upper surface of the bulge-resistant
film 101 with multiple thin layers of differing re-
fractive indices, to attain antireflection (AR fin-
ish). The formation of the multiple thin layers and
its antireflective effect are discussed in detail in
Japanese Laid-Open Patent Application No.
H3-173009.
(c) Coat the top surface of the top sheet member

110 with an organofluorine compound or an or-
ganosilicon compound, to attain soil resistance
(soil resistant finish). If part of the surface of the
touch panel 100 gets greasy when touched with
a finger, that part becomes reflective and visi-
bility decreases. However, the soil resistant fin-
ish keeps the surface from getting soiled by the
touch of a finger, which benefits glare resistance
and visibility.

[0094] These techniques (a) to (c) are more effective
when used in combination. In combined use, the AG fin-
ish and the AR finish must be given in this order, and the
soil resistant finish must be performed on the top surface
of the touch panel 100.

(4) Though the quarter wavelength plate 103 has
been made by drawing a resin film such as a PC film
in one direction in the above embodiment, the resin
film may be further drawn in the thickness direction
so that it becomes a retardation plate oriented in the
thickness direction. As a result, the dependence of
the retardation of the quarter wavelength plate 103
on angle is reduced, with it being possible to widen
the viewing angle of the touch panel 100.
(5) Though the stress relieving adhesive has been
used to bond the bulge-resistant film 101 and the
polarizing plate 102 in the above embodiment, the
stress relieving adhesive may also be used to bond
two structural members that have a certain differ-
ence in thermal linear expansion coefficient (e.g. a
polarizing plate and a quarter wavelength plate).
(6) The bulge-resistant film 101 with a higher thermal
contraction rate than that of the polarizing plate 102
has been used in the above embodiment. However,
unless the thermal contraction rate of the bulge-re-
sistant film 101 is below that of the polarizing plate
102, no slack will appear in the bulge-resistant film
101 when the ambient temperature drops to normal.
Therefore, the bulge of the touch panel 100 can be
suppressed even when the thermal contraction rate
of the bulge-resistant film 101 is equal to that of the
polarizing plate 102.
(7) In the above embodiment, an unheated PET film
has been used as the bulge-resistant film 101 as it
has a lower thermal linear expansion coefficient and
a higher thermal contraction rate than the polarizing
plate 102. However, a film of other material may in-
stead be used as long as it bears these properties,
although the use of the PET film has the following
advantages.

[0095] The TAC films used in the polarizing plate 102
are hygroscopic and have an extremely high hygroscopic
linear expansion coefficient (i.e. linear expansion coeffi-
cient due to moisture absorption) of 4310-5cm/cm/% to
7310-5cm/cm/%. Accordingly, the expansion of the po-
larizing plate 102 tends to double if the temperature and
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the humidity both rise. On the other hand, the PET film
has little hygroscopicity, so that covering the upper sur-
face of the polarizing plate 102 with the PET film has the
effect of keeping the polarizing plate 102 from contact
with outside air. In so doing, the touch panel 100 will not
be adversely affected by a change in outside humidity.
Here, even if part of the polarizing plate 102 which is not
covered with the PET film (e.g. an end face of the polar-
izing plate 102) absorbs water from the air and causes
hygroscopic linear expansion of the polarizing plate 102
that would induce an outward bulge, the forces opposing
such a bulge will be exerted on the surface of the polar-
izing plate 102 from the PET film, as the PET film has a
lower hygroscopic linear expansion coefficient than the
polarizing plate 102. As a result, the bulge of the touch
panel 100 can be effectively suppressed.
[0096] Therefore, if the main material of the polarizing
plate 102 has a high hygroscopic linear expansion coef-
ficient like the TAC films, it is preferable to use a resin
film with a lower hygroscopic linear expansion coefficient
as the bulge-resistant film 101. As a resin film that bears
all these properties (i.e. a resin film having a lower ther-
mal linear expansion coefficient, a higher thermal con-
traction rate, and a lower hygroscopic linear expansion
coefficient than the polarizing plate 102), a film of poly-
ethylene naphthalate (PEN) that is a polyester resin as
with PET may be utilized without heat treatment, instead
of the unheated PET film.
[0097] Although the present invention has been fully
described by way of examples with reference to the ac-
companying drawings, it is to be noted that various
changes and modifications will be apparent to those
skilled in the art. Therefore, unless such changes and
modifications depart from the scope of the present inven-
tion, they should be construed as being included therein.

Claims

1. A resistive-membrane touch panel comprising:

a first sheet member (130) having a first resistive
membrane (131) on a main surface thereof;
a second sheet member (110) that is flexible and
has a second resistive membrane (111) on a
main surface thereof, the second sheet member
(110) being opposed to the first sheet member
(130) with a spacer (140) interposed in between
in such a manner that the second resistive mem-
brane (111) and the first resistive membrane
(131) face each other with a certain spacing ther-
ebetween; and
a third sheet member (101) that is laminated on
an outer main surface of the second sheet mem-
ber (110),
wherein the third sheet member (101) has a ther-
mal contraction rate no lower than a thermal con-
traction rate of the second sheet member (110),

characterised in that the second sheet mem-
ber (110) has a polarizing property and a thick-
ness of the third sheet member (101) is in a
range of 50mm to 250mm.

2. The resistive-membrane touch panel of Claim 1,
wherein the third sheet member has a lower thermal
linear expansion coefficient than the second sheet
member.

3. The resistive-membrane touch panel of Claim 1,
wherein the third sheet member is adhered to the
outer main surface of the second sheet member us-
ing an adhesive that has a stress relieving property.

4. The resistive-membrane touch panel of Claim 3,
wherein a viscoelasticity of the adhesive is in a range
of 1.0x105dyn/cm2 to 1.2x106dyn/cm2 inclusive.

5. The resistive-membrane touch panel of Claim 3,
wherein the third sheet member is coated with a hard
coating material on an inner main surface thereof
which is adhered to the outer main surface of the
second sheet member.

6. The resistive-membrane touch panel of Claim 1,
wherein the third sheet member has a lower hygro-
scopic linear expansion coefficient than the second
sheet member.

7. The resistive-membrane touch panel of Claim 1,
wherein the second sheet member is made by lam-
inating at least two sheet members including a po-
larizer (102).

8. The resistive-membrane touch panel of Claim 7,
wherein a first quarter wavelength plate (204) is
placed outside the first sheet member so as to be
approximately parallel to the first sheet member, and
the sheet members laminated in the second sheet
member include a second quarter wavelength plate
(103) that is positioned nearer to an inner main sur-
face of the second sheet member than the polarizer.

9. The resistive-membrane touch panel of Claim 8,
wherein an optical axis of the first quarter wavelength
plate forms an angle of 45° with a polarizing axis of
the polarizer in a first direction, and an optical axis
of the second quarter wavelength plate forms an an-
gle of 45° with the polarizing axis of the polarizer in
a second direction that is opposite to the first direc-
tion.

10. The resistive-membrane touch panel of Claim 8,
wherein the second resistive membrane is provided
on an inner main surface of the second quarter wave-
length plate.
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11. The resistive-membrane touch panel of Claim 10,
wherein the second quarter wavelength plate is a
film made of a resin material selected from the group
consisting of polycarbonate, polyarylate, polysul-
fone, polyvinyl alcohol, norbornene resin, and olefin
resin.

12. The resistive-membrane touch panel of Claim 7,
wherein among the sheet member laminated in the
second sheet member, at least one pair of adjacent
sheet members with different thermal linear expan-
sion coefficients are adhered to each other using an
adhesive that has a stress relieving property.

13. The resistive-membrane touch panel of Claim 7,
wherein the polarizer is made by sandwiching a pol-
yvinyl alcohol film having a polarizing property be-
tween triacetylacetate films, and the third sheet
member is made of a material that has a lower hy-
groscopic linear expansion coefficient than the
triacetylacetate films.

14. The resistive-membrane touch panel of Claim 1,
wherein the third sheet member is a polyethylene
terephthlate film which is not heat-treated.

15. The resistive-membrane touch panel of Claim 1,
wherein the third sheet member is a polyethylene
naphthalate film which is not heat-treated.

16. The resistive-membrane touch panel of Claim 1,
wherein the third sheet member is anti-glare treated
on an outer main surface thereof.

17. The resistive-membrane touch panel of Claim 1,
wherein the third sheet member is coated on an outer
main surface thereof with multiple thin layer of dif-
fering refractive indices.

18. The resistive-membrane touch panel of Claim 1,
wherein the third sheet member is coated on an outer
main surface thereof with a coating material that is
one of an organofluorine compound and an organo-
silicon compound.

Patentansprüche

1. Widerstandsmembran-Berührungsfeld, das Folgen-
des umfasst:

ein erstes Folienelement (130) mit einer ersten
Widerstandsmembran (131) auf einer Hauptflä-
che davon;
ein zweites Folienelement (110), das biegsam
ist und eine zweite Widerstandsmembran (111)
auf einer Hauptfläche davon aufweist, wobei
das zweite Folienelement (110) dem ersten Fo-

lienelement (130) mit einem dazwischen ange-
ordneten Abstandhalter (140) derart gegenü-
berliegt, dass die zweite Widerstandsmembran
(111) und die erste Widerstandsmembran (131)
einander mit einem bestimmen Abstand zwi-
schen ihnen zugewandt sind; und
ein drittes Folienelement (101), das auf eine äu-
ßere Hauptfläche des zweiten Folienelements
(110) laminiert ist,
wobei das dritte Folienelement (101) eine Wär-
meschrumpfungsrate aufweist, die nicht gerin-
ger ist als eine Wärmeschrumpfungsrate des
zweiten Folienelements (110), dadurch ge-
kennzeichnet, dass das zweite Folienelement
(110) eine Polarisierungseigenschaft aufweist
und eine Dicke des dritten Folienelements (101)
in einem Bereich von 50 mm bis 250 mm liegt.

2. Widerstandsmembran-Berührungsfeld nach An-
spruch 1,
wobei das dritte Folienelement einen geringeren li-
nearen Wärmeausdehnungskoeffizienten aufweist
als das zweite Folienelement.

3. Widerstandsmembran-Berührungsfeld nach An-
spruch 1,
wobei das dritte Folienelement unter Verwendung
eines eine Entspannungseigenschaft aufweisenden
Klebstoffs an die äußere Hauptfläche des zweiten
Folienelements geklebt ist.

4. Widerstandsmembran-Berührungsfeld nach An-
spruch 3,
wobei eine Viskoelastizität des Klebstoffs in einem
Bereich von 1,0x105 dyn/cm2 bis einschließlich
1,2x106 dyn/cm2 liegt.

5. Widerstandsmembran-Berührungsfeld nach An-
spruch 3,
wobei das dritte Folienelement mit einem harten Be-
schichtungsmaterial auf einer inneren Hauptfläche
davon beschichtet ist, die an die äußere Hauptfläche
des zweiten Folienelements geklebt ist.

6. Widerstandsmembran-Berührungsfeld nach An-
spruch 1,
wobei das dritte Folienelement einen geringeren li-
nearen hygroskopischen Ausdehnungskoeffizien-
ten aufweist als das zweite Folienelement.

7. Widerstandsmembran-Berührungsfeld nach An-
spruch 1,
wobei das zweite Folienelement durch Laminieren
von mindestens zwei Folienelementen hergestellt
wird, die einen Polarisator (102) umfassen.

8. Widerstandsmembran-Berührungsfeld nach An-
spruch 7,
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wobei eine erste Viertelwellenlängenplatte (204) au-
ßerhalb des ersten Folienelements platziert ist, so
dass sie ungefähr parallel zu dem ersten Folienele-
ment ist, und die in dem zweiten Folienelement la-
minierten Folienelemente eine zweite Viertelwellen-
längenplatte (103) umfassen, die näher an einer in-
neren Hauptfläche des zweiten Folienelements plat-
ziert ist als der Polarisator.

9. Widerstandsmembran-Berührungsfeld nach An-
spruch 8,
wobei eine optische Achse der ersten Viertelwellen-
längenplatte mit einer Polarisierungsachse des Po-
larisators in einer ersten Richtung einen Winkel von
45° bildet, und eine optische Achse der zweiten Vier-
telwellenlängenplatte mit der Polarisierungsachse
des Polarisators in einer zweiten Richtung, die der
ersten Richtung entgegengesetzt ist, einen Winkel
von 45° bildet.

10. Widerstandsmembran-Berührungsfeld nach An-
spruch 8,
wobei die zweite Widerstandsmembran auf einer in-
neren Hauptfläche des zweiten Viertelwellenlängen-
platte vorgesehen ist.

11. Widerstandsmembran-Berührungsfeld nach An-
spruch 10,
wobei es sich bei der zweiten Viertelwellenlängen-
platte um einen Film handelt, der aus einem Harz-
material hergestellt ist, das aus der aus Polycarbo-
nat, Polyarylat, Polysulfon, Polyvinylalkohol, Nor-
bornenharz und Olefinharz bestehenden Gruppe
ausgewählt wird.

12. Widerstandsmembran-Berührungsfeld nach An-
spruch 7,
wobei unter dem in dem zweiten Folienelement la-
minierten Folienelement mindestens ein Paar be-
nachbarter Folienelemente mit unterschiedlichen li-
nearen Wärmeausdehnungskoeffizienten unter Ver-
wendung eines eine Entspannungseigenschaft auf-
weisenden Klebstoffs aneinander geklebt sind.

13. Widerstandsmembran-Berührungsfeld nach An-
spruch 7,
wobei der Polarisator durch sandwichartiges Anord-
nen eines Polyvinylalkoholfilms mit einer Polarisie-
rungseigenschaft zwischen Triacetylacetat-Filmen
hergestellt ist, und das dritte Folienelement aus ei-
nem Material hergestellt ist, das einen geringeren
linearen hygroskopischen Ausdehnungskoeffizien-
ten aufweist als die Triacetylacetat-Filme.

14. Widerstandsmembran-Berührungsfeld nach An-
spruch 1,
wobei es sich bei dem dritten Folienelement um ei-
nen Polyethylenterephthalat-Film handelt, der nicht

wärmebehandelt ist.

15. Widerstandsmembran-Berührungsfeld nach An-
spruch 1,
wobei es sich bei dem dritten Folienelement um ei-
nen Polyethylennaphthalat-Film handelt, der nicht
wärmebehandelt ist.

16. Widerstandsmembran-Berührungsfeld nach An-
spruch 1,
wobei das dritte Folienelement auf einer äußeren
Hauptfläche davon blendfrei behandelt ist.

17. Widerstandsmembran-Berührungsfeld nach An-
spruch 1,
wobei das dritte Folienelement auf einer äußeren
Hauptfläche davon mit mehreren dünnen Schichten
mit unterschiedlichen Brechungsindices beschichtet
ist.

18. Widerstandsmembran-Berührungsfeld nach An-
spruch 1,
wobei das dritte Folienelement auf einer äußeren
Hauptfläche davon mit einem Beschichtungsmate-
rial beschichtet ist, bei dem es sich um eine organi-
sche Fluorverbindung oder eine organische Silizi-
umverbindung handelt.

Revendications

1. Écran tactile à membranes résistives, comprenant :

un premier élément en feuille (130) qui possède
une première membrane résistive (131) sur une
de ses surfaces principales ;
un deuxième élément en feuille (110) qui est
flexible et qui possède une deuxième membra-
ne résistive (111) sur une de ses surfaces prin-
cipales, le deuxième élément en feuille (110)
étant opposé au premier élément en feuille (130)
avec une pièce d’écartement (140) intercalée
entre eux de telle manière que la deuxième
membrane résistive (111) et la première mem-
brane résistive (131) se font face avec un certain
écartement entre elles ; et
un troisième élément en feuille (101) qui est stra-
tifié sur une surface principale extérieure du
deuxième élément en feuille (110),
dans lequel le troisième élément en feuille (101)
possède un taux de contraction thermique non
inférieur à un taux de contraction thermique du
deuxième élément en feuille (110), caractérisé
en ce que le deuxième élément en feuille (110)
possède une propriété polarisante et en ce que
le troisième élément en feuille (101) a une épais-
seur dans la plage de 50 mm à 250 mm.

23 24 



EP 1 081 636 B1

14

5

10

15

20

25

30

35

40

45

50

55

2. Écran tactile à membranes résistives selon la reven-
dication 1,
dans lequel le troisième élément en feuille possède
un coefficient de dilatation thermique linéaire infé-
rieur à celui du deuxième élément en feuille.

3. Écran tactile à membranes résistives selon la reven-
dication 1,
dans lequel le troisième élément en feuille est collé
à la surface principale extérieure du deuxième élé-
ment en feuille en utilisant un adhésif qui possède
une propriété de relâchement des contraintes.

4. Écran tactile à membranes résistives selon la reven-
dication 3,
dans lequel l’adhésif possède une viscoélasticité
dans la plage de 1,0 x 105 dyn/cm2 [100 kPa] à 1,2
x 106 dyn/cm2 [1200 kPa] compris.

5. Écran tactile à membranes résistives selon la reven-
dication 3,
dans lequel le troisième élément en feuille est revêtu
d’un matériau de revêtement dur sur sa surface prin-
cipale intérieure qui est collée à la surface principale
extérieure du deuxième élément en feuille.

6. Écran tactile à membranes résistives selon la reven-
dication 1,
dans lequel le troisième élément en feuille possède
un coefficient de dilatation hygroscopique linéaire in-
férieur à celui du deuxième élément en feuille.

7. Écran tactile à membranes résistives selon la reven-
dication 1,
dans lequel le deuxième élément en feuille est réa-
lisé en stratifiant au moins deux éléments en feuille
comportant un polariseur (102).

8. Écran tactile à membranes résistives selon la reven-
dication 7,
dans lequel une première lame quart d’onde (204)
est placée à l’extérieur du premier élément en feuille
de façon à être approximativement parallèle au pre-
mier élément en feuille, et les éléments en feuille
stratifiés dans le deuxième élément en feuille com-
portent une deuxième lame quart d’onde (103) qui
est positionnée plus près d’une surface principale
intérieure du deuxième élément en feuille que le po-
lariseur.

9. Écran tactile à membranes résistives selon la reven-
dication 8,
dans lequel un axe optique de la première lame quart
d’onde fait un angle de 45° avec un axe de polari-
sation du polariseur dans une première direction et
un axe optique de la deuxième lame quart d’onde
fait un angle de 45° avec l’axe de polarisation du
polariseur dans une deuxième direction qui est op-

posée à la première direction.

10. Écran tactile à membranes résistives selon la reven-
dication 8,
dans lequel la deuxième membrane résistive est dis-
posée sur une surface principale intérieure de la
deuxième lame quart d’onde.

11. Écran tactile à membranes résistives selon la reven-
dication 10,
dans lequel la deuxième lame quart d’onde est un
film constitué d’un matériau de type résine choisi
dans le groupe constitué par les polycarbonate, po-
lyarylate, polysulfone, alcool polyvinylique, résine de
norbornène et résine oléfinique.

12. Écran tactile à membranes résistives selon la reven-
dication 7,
dans lequel, parmi l’élément en feuille stratifié dans
le deuxième élément en feuille, au moins une paire
d’éléments en feuille adjacents ayant des coeffi-
cients de dilatation thermique linéaire différents sont
collés l’un à l’autre en utilisant un adhésif qui possè-
de une propriété de relâchement des contraintes.

13. Écran tactile à membranes résistives selon la reven-
dication 7,
dans lequel le polariseur est réalisant en disposant
un film d’alcool polyvinylique qui possède une pro-
priété de polarisation en sandwich entre des films
de triacétylacétate et le troisième élément en feuille
est constitué d’un matériau qui possède un coeffi-
cient de dilatation hygroscopique linéaire inférieur à
celui des films de triacétylacétate.

14. Écran tactile à membranes résistives selon la reven-
dication 1,
dans lequel le troisième élément en feuille est un film
de polytéréphtalate d’éthylène qui n’a pas subi de
traitement thermique.

15. Écran tactile à membranes résistives selon la reven-
dication 1,
dans lequel le troisième élément en feuille est un film
de polynaphtalate d’éthylène qui n’a pas subi de trai-
tement thermique.

16. Écran tactile à membranes résistives selon la reven-
dication 1,
dans lequel le troisième élément en feuille est doté
d’un traitement antireflets sur sa surface principale
extérieure.

17. Écran tactile à membranes résistives selon la reven-
dication 1,
dans lequel le troisième élément en feuille est revêtu
sur sa surface principale extérieure de multiples cou-
ches minces ayant des indices de réfraction diffé-
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rents.

18. Écran tactile à membranes résistives selon la reven-
dication 1,
dans lequel le troisième élément en feuille est revêtu
sur sa surface principale extérieure avec un matériau
de revêtement qui est l’un parmi un composé orga-
nofluoré et un composé organosilicié.
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