wo 20097123388 A1 I 0K OO0 0000

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

oo o
1 rld Intellectual Property Organization /) -sady
(19 World Inclectuat Proerty Organization. /552 | A AL 0RO
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
8 October 2009 (08.10.2009) PCT WO 2009/123388 Al
(51) International Patent Classification: CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
GO6F 3/041 (2006.01) EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
. L HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KZ,
(21) International Application Number: LA. LC. LK. LR. LS. LT. LU. LY. MA. MD. ME. MG
PCT/KR2008/007394 MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(22) International Filing Date: OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG, SK,
12 December 2008 (12.12.2008) SL, SM, ST, SV, 8Y, TJ, TM, TN, TR, TT, TZ, UA, UG,
US,UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: Korean
L. ) (84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
(30) Priority Data: GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
10-2008-0030902 2 April 2008 (02.04.2008) KR ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
(71) Applicant and ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Inventor: HAN, Sang-Youl [KR/KR]; 109-1001 I'Park MC, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI
Gaebong, 489, Gaebong2-dong, Guro-gu, Seoul 152-092 (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
(KR). NE, SN, TD, TG).
(74) Agents: JANG, Han-Jong et al.; 8F, Tacyang?1 Bldg., Published:
?Ii%{_)z I, Yeoksam-dong, Gangnam-gu, Seoul 135-936 with international search report (Art. 21(3))
— b th irati the time limit ding th
(81) Designated States (unless otherwise indicated, for every cfore the expiration of the time limit for amending the

kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: CAPACITIVE TOUCH SCREEN

[Fig. 1]

(57) Abstract: The present invention provides a
capacitive touch screen (1) which includes a sub-
strate (10), a first electrode plate (20), an elastic
spacer (30), a second electrode plate (40) and a
transparent panel (50). The substrate is made of a
plate having a rim. The first electrode plate is
placed on the rim of the substrate. The elastic
spacer is interposed between the first and second
electrode plates. At least one of the first and sec-
ond electrode plates comprises four or more elec-
trode plates arranged along the rim of the sub-
strate. When a pressure is applied to the transpar-
ent panel, a distance (d) between the first and
second electrode plates changes. Thereby, ca pac-
itances are varied at sensing points (S) corre-
sponding to locations of the four or more elec-
trode plates, and a touch location and a touch
pressure are determined by variation rates of the
measured capacitances.
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Description

CAPACITIVE TOUCH SCREEN
Technical Field

The present invention relates, in general, to touch screens and, more particularly, to a
capacitive touch screen which has a simple structure and is able to detect not only a
touch location but also the intensity of touch pressure and enhance the visibility of

images displayed on a display disposed below the screen.

Background Art

Generally, touch screens are widely used as monitors in various kinds devices, such
as navigators, industrial terminals, notebook computers, automatic teller machines,
game machines, etc., and as input units of various electric and electronic devices
including not only mobile terminals, such as mobile phones, MP3 players, PDAs,
PMPs, PSPs, portable game players, DMB receivers, etc., but also electric home ap-
pliances, such as refrigerators, microwave ovens, washing machines, etc.

As is well known, touch screens are typically used along with displays which display
images. When a user touches a portion of the touch screen placed on top of the display
with his/her finger or the like, an input signal corresponding to the content displayed
on the display below the touched portion is input. Touch screens are classified
according to structure or operating principle into resistive overlay touch screens,
infrared touch screens, ultrasonic touch screens and capacitive touch screens.

The resistive overlay touch screen has a structure in which two panels coated with
transparent electrode layers are soldered to each other with a dot spacer interposed
therebetweeen such that the transparent electrode layers face each other. Electric
signals are applied to one side of the transparent electrode to detect a touch location.
When the upper transparent electrode is brought into contact with the lower transparent
electrode by the touch of a finger, a pen or the like, a corresponding electric signal is
detected, and coordinates of the touch location are determined using the detected
electric signal. The resistive overlay touch screen operates using this principle but is
disadvantageous in that the visibility (transparency) thereof is relatively low (about
80%) and it is easily scratched owing to its poor durability.

The infrared touch screen is constructed such that infrared sensors including an
infrared ray emitting element and a receiving element for receiving infrared signals
from the emitting element are arranged. The infrared touch screen operates according
to the principle wherein coordinates of a touch location are determined by connection
or disconnection of signals depending on being touched by an external object (for

example, a finger). The infrared touch screen can maintain 100% visibility
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(transparency) but has a disadvantage of being costly to produce.

The ultrasonic touch screen operates in such a way that a touch location is de-
termined by transmission and reception of ultrasonic waves along a touch surface.
There is an advantage in that the durability is superior so that the screen is prevented
from being damaged by being touched by an object. However, the response speed is
low, the production cost is high, and the precision is low.

The capacitive touch screen is constructed such that electrode plates are provided on
a substrate and voltage is applied to the electrode plates. The capacitive touch screen
operates according to the principle wherein when a conductive substance touches an
electrode plate, parasitic capacitance in response to permittivity between the
conductive substance and the electrode plate is measured, and coordinates of a touch
location are determined by the measured parasitic capacitance. Compared to the
resistive overlay touch screen, the visibility (transparency) and the durability are
enhanced. However, such a capacitive touch screen responds only to a conductive
substance, such as the finger of a human, which can generate parasitic capacitance. In
addition, the precision is relatively low.

Meanwhile, a keypad having several dome switches arranged in a predetermined
shape has been widely used as an input unit of a mobile terminal. Recently, products
having touch screens as input units in place of dome switches have been developed and
marketed.

According to the recent trend towards smallness of mobile terminals, distances
between buttons of a keypad are being reduced. Hence, this has increased the
probability of an error in manipulating the keypad, for example, in which when
pushing a button, an adjacent button may be undesirably pushed. The use of a ca-
pacitive touch screen as an input unit mitigates the problem of an error in input
operation due to a reduction in size of the mobile terminal.

However, the conventional capacitive touch screen for mobile phones determines
only which electrode plate (or electrode) was touched with a finger of a user and
generates a corresponding input signal. Therefore, the number of input signals which
can be input by a single electrode are limited. In an effort to overcome the problems of
the conventional capacitive touch screen, the applicant of the present invention
proposed ‘Input unit for portable electronic device’ disclosed in Korean Patent Reg-
istration No. 661,000 (date: Dec. 18, 2006).

The input unit of No. 661,000 can generate various input signals depending on the
magnitude of capacitance which varies according to the intensity of touch pressure,
rather than generating an input signal using parasitic capacitance generated by bringing
a conductive substance such as a finger of the user into contact with electrode plates.

Therefore, this input unit makes it possible to input various precise operations without
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causing an error.
As mentioned above, typically, touch screens are integrally used with displays.

Various devices having touch screens and displays integrated with each other have
been proposed. Representative examples were proposed in Korean Patent Registration
No. 10-0493921, entitled ‘Touch panel integrated with flat display’ (publication date:
June 10, 2005), Korean Patent Registration No. 10-04873535, entitled ‘Electro-optical
display integrated with touch panel’, and Korean Patent Laid-open Publication No.
2001-0091312, entitled ‘Display assembly integrated with touch panel’.

These devices integrated with the touch screens are basically constructed such that a
touch screen (or a touch pad) is placed on the upper surface of a display. Therefore,
because the display is covered with the touch screen, the light transmissivity of the
display is reduced. In other words, the amount of light emitted from the display is
reduced because of passing through the touch screen. As a result, the visibility of

images displayed on the display is deteriorated.
Disclosure of Invention

Technical Problem

Accordingly, the present invention has been made keeping in mind the above
problems occurring in the prior art, and an object of the present invention is to provide
a capacitive touch screen which can detect not only a touch location but also the
intensity of touch pressure when a substance comes into contact with it even though
the substance is a nonconductor, rather than detecting a basic touch location in such a
way as to check variation in parasitic capacitance when touched only be a conductive
substance, so that various input signals which have not been implemented in the con-
ventional touch screen can be created using the touch location and the intensity of
touch pressure.

Another object of the present invention is to provide a capacitive touch screen which
almost perfectly allows passage of light from a display provided under the touch
screen, thus ensuring the high visibility of images displayed on the display, and which

has a simple structure, thus reducing the production cost.

Technical Solution

In order to accomplish the above objects, the present invention provides a capacitive
touch screen.

A capacitive touch screen according to a first embodiment of the present invention
includes a substrate, a first electrode plate, an elastic spacer, a second electrode plate
and a transparent panel.

The substrate comprises a plate which is open in a central portion thereof other than a

rim or comprises a transparent solid plate. The first electrode plate is placed on the
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upper surface of the rim of the substrate. The elastic spacer is placed on the upper
surface of the first electrode plate and is variable in thickness in response to application
of an external pressure so as to be restorable to its original shape. The second electrode
plate is placed on the upper surface of the elastic spacer. The transparent panel is
placed on the upper surface of the second electrode plate to cover the entire area of the
substrate.

A capacitive touch screen according to a second embodiment of the present invention
includes a substrate, a first electrode plate, an elastic spacer, a second electrode plate
and a transparent panel.

The substrate comprises a plate which is open in a central portion thereof other than a
rim or comprises a transparent solid plate. The first electrode plate is placed on the
upper surface of the rim of the substrate. The elastic spacer is placed on the upper
surface of the rim of the substrate and is variable in thickness in response to ap-
plication of an external pressure so as to be restorable to its original shape. The
transparent panel is placed on the upper surface of the elastic spacer to cover the entire
area of the substrate. The second electrode plate is provided under the lower surface of
the transparent panel such that the second electrode plate is spaced apart from the first
electrode plate by a predetermined distance.

A capacitive touch screen according to a third embodiment of the present invention
includes a substrate, a first electrode plate, first and second elastic spacers, a pair of
second electrode plates and a transparent panel.

The substrate comprises a plate which is open in a central portion thereof other than a
rim or comprises a transparent solid plate. The first elastic spacer is placed on the
upper surface of the rim of the substrate and is variable in thickness in response to ap-
plication of an external pressure so as to be restorable to its original shape. The first
electrode plate is placed on the upper surface of the first elastic spacer. The second
elastic spacer is placed on the upper surface of the first electrode plate and is variable
in thickness in response to application of external pressure so as to be restorable to its
original shape. The transparent panel is placed on the upper surface of the second
elastic spacer to cover the entire area of the substrate. The second electrode plates are
respectively provided on the upper surface of the rim of the substrate and under the
perimeter of the lower surface of the transparent panel such that the second electrode
plates are spaced apart from the first electrode plate by predetermined distances.

In the first through third embodiments, at least one of the first electrode plate and the
second electrode plate comprises four or more electrode plates which are arranged
along the rim of the substrate at positions spaced apart from each other at prede-
termined intervals.

Furthermore, when a contact pressure is applied to a portion of the transparent panel,
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a distance between the first electrode plate and the second electrode plate is restorably
varied by elastic height variation of the elastic spacer or the first and second elastic
spacers, so that capacitances are varied at sensing points corresponding to locations of
the four or more electrode plates, and a touch location and a touch pressure are de-

termined by variation rates of the capacitances measured at the sensing points.
Preferably, the elastic spacer comprises an elastic synthetic resin member or a spring

which varies in height in response to application of an external pressure so as to be
restorable, or a hinge structure having restorability to be returned to an original state

thereof.

Advantageous Effects

The capacitive touch screen according to the present invention can detect not only a
touch location but also the intensity of touch pressure when a substance comes into
contact with it even though the substance is a nonconductor, rather than detecting only
a basic touch location in such a way as to check variation in parasitic capacitance only
when contact is made therewith by a conductive substance. Therefore, various input
signals which have not been implemented in the conventional touch screen can be
created using the touch location and the intensity of touch pressure.

Furthermore, in the capacitive touch screen of the present invention, the substrate has
a structure which is open in the central portion thereof or is made of a transparent solid
plate. In addition, first and second electrode plates and elastic spacers are arranged
only on a rim or perimeter of the substrate, and a transparent panel is placed on them.
Hence, the high visibility of images displayed on a display provided under the touch
screen is ensured. As well, the capacitive touch screen of the present invention has a
simple structure, thus reducing the production cost.
Brief Description of Drawings

Fig. 1 is an exploded perspective view of a touch screen, according to a first em-
bodiment of the present invention;

Fig. 2 is a schematic plan view of Fig. 1;

Fig. 3 is a schematic front view of Fig. 1;

Fig. 4 is a schematic partial sectional view of Fig. 1;

Fig. 5 is a schematic partial sectional view of a touch screen, according to a second
embodiment of the present invention;

Fig. 6 is a schematic partial sectional view of a touch screen, according to a third em-
bodiment of the present invention;

Fig. 7 is of schematic partial sectional views showing examples of an elastic spacer
of a touch screen, according to another embodiment of the present invention; and

Figs. 8 and 9 are views illustrating the principle of determining a touch location and
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detecting a touch pressure on the touch screen according to the present invention.
Best Mode for Carrying out the Invention

Hereinafter, a capacitive touch screen according to the present invention will be
described in detail with reference to the attached drawings. The following em-
bodiments are only illustrative examples of the capacitive touch screen of the present
invention, but the scope of the present invention must not be regarded as being limited
to these embodiments.

The capacitive touch screen 1 according to the present invention is used as an input
unit of various electric and electronic devices, such as a navigator, an industrial
terminal, a notebook computer, an automatic teller machine, a game machine, a mobile
phone, an MP3 player, an PDA, an PMP, an PSP, a portable game player, a DMB
receiver, a refrigerator, a microwave oven, a washing machine, etc.

As is well known, the touch screen is generally placed on a display panel which
displays data. The touch screen and the display are connected through a circuit to an
electric or electronic device, and they are controlled by the device and are operated as a
single unit. Furthermore, the touch screen includes a sensing unit (a touch screen
panel) which detects contact, and a circuit unit which generates an input signal corre-
sponding to a variation in the rate of capacitance transmitted from the sensing unit. The
present invention pertains to the touch screen panel which functions as the sensing
unit. The circuital connection of the touch screen to the electric or electronic device or
the generation and transmission of an input signal depending on a variation in ca-
pacitance detected by the sensing unit are not directly related to the present invention,
and these techniques will be understood with reference to the well known related
techniques, therefore detailed explanation will be skipped.

1. First embodiment

Hereinafter, a touch screen 1A according to a first embodiment of the present
invention will be described with reference to Figs. 1 through 4.

As shown in the drawings, the touch screen 1A according to the first embodiment of
the present invention includes a substrate 10, first electrode plates 20, elastic spacers
30, second electrode plates 40 and a transparent panel 50.

The substrate 10 forms the basic framework of the touch screen. As shown in Fig. 1,
a substrate which is open in the central portion other than the rim 11 may be used as
the substrate 10. A transparent solid plate having no opening may be used as the
substrate 10, but this is not shown in the drawings.

The reason for the use of the substrate, which is open in the central portion thereof,
or the transparent solid plate as the substrate 10 is that the light transmissivity of the

display disposed below the substrate 10 can be prevented from being reduced. By
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virtue of the structure of the substrate 10, the visibility (transparency) of the touch
screen 1A can be prevented from being reduced due to the existence of the substrate
10.

As the material of the substrate 10, a circuit board (PCT or FPCB) which is typically
used in this art can be appropriately used according to the characteristics of the electric
and electronic device having the touch screen of the present invention. In the case of
the shape which is open the central portion, the substrate 10 does not need to be
transparent, but in the case of the solid plate, it is formed to be transparent.

Each first electrode plate 20 is a planar electrode corresponding to an electrode which
is disposed at one side in a typical capacitive touch screen. The first electrode plate 20
is made of conductive material, such as a copper plate.

The first electrode plates 20 are placed on the upper surface of the substrate 10 along
the rim 11 of the substrate 10. In other words, in the case of the substrate 10, the first
electrode plate 20 is attached to the upper surface of the rim 11 of the substrate 10. In
the case of the transparent solid substrate 10, the first electrode plates 20 are attached
to the perimeter of the substrate 10.

The elastic spacers 30 are placed on the upper surfaces of the corresponding first
electrode plates 20 along the rim 11.

Each elastic spacer 30 is interposed between the corresponding first electrode plate
20 and the corresponding second electrode plate 40 and functions as a dielectric
substance. Furthermore, the elastic spacer 30 elastically varies in thickness depending
on the magnitude of a touch pressure applied to the touch screen so as to elastically
vary a distance d between the first electrode plate 20 and the second electrode plate 40.
The elastic spacer 30 restores itself to its original thickness thereafter. Thereby, ca-
pacitances at sensing points S corresponding to locations, at which the first electrode
plate 20 and the second electrode plate 40 overlap with each other, vary depending on
the magnitude of the touch pressure.

The material and shape of the elastic spacer 30 are not limited, so long as it can
elastically vary the distance d between the first electrode plate 20 and the second
electrode plate 40 in a restorable manner. For example, elastic materials, such as
polyolefin, PVC, polystyrene, polyester, polyurethane, polyamide, etc. which are well
known, can be used as the material of the elastic spacer 30. Particularly, as shown in
Fig. 1, elastic silicone which is formed in various block shapes, such as a rectangular
hexahedron, may be used as the elastic spacer 30.

The elastic spacer 30 varies and changes in thickness depending on the magnitude of
touch pressure such that the distance d between the first electrode plate and the second
electrode plate changes. When the touch pressure is removed, the elastic spacer 30

returns to its original state. As well as the elastic synthetic resin such as the above-
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mentioned elastic silicone, as shown in Fig. 7, a mechanical spring (30c: although a
coil spring is illustrated as being one example in the drawing, other springs including a
leaf spring can be used) or a mechanical structure, such as a hinge structure 30d, which
is provided with a spring to have restorative ability may be used as the elastic spacer
30.

The elastic spacer 30c or 30d having the mechanically elastic structure is suitable for
a touch screen 1B of a second embodiment which the elastic spacer 30 is not in-
terposed between the electrode plates 20 and 40 and will be explained later with
reference to Fig. 5, rather than being suitable for the first embodiment in which the
elastic spacer 30 is interposed between the electrode plates 20 and 40 as shown in Figs.
1 through 4.

Each second electrode plate 40 is made of conductive material, for example, a copper
plate, in the same manner as that of the first electrode plate 20. The second electrode
plate 40 is placed on the corresponding elastic spacer 30 along the rim 11 of the
substrate 10 and is spaced apart from the corresponding first electrode plate 20 by the
distance d with the elastic spacer 30 interposed therebetween.

The transparent panel 50 is a planar substance which covers the overall area of the
upper surface of the touch screen 1. The transparent panel 50 protects the elements
including the electrode plates, transmits touch pressure to the elastic spacers 30, and is
made of transparent material to allow a user to observe images displayed on the display
provided on the underneath. For example, material, such as reinforcing glass, having
superior durability and transparency can be used.

As such, the first electrode plate 20 and the second electrode plate 40 overlap each
other and the elastic spacer 30 is interposed therebetween. Hence, the second electrode
plate 40 is spaced apart from the first electrode plate 20 by the distance d corre-
sponding to the thickness of the elastic spacer 30. The overlapped locations of the first
electrode plate 20 and the second electrode plate 40 become sensing points S at which
capacitance is varied by touch pressure. The rates of variation of the capacitances at
the sensing points S are measured by a circuit unit.

In detail, when a portion of the transparent panel 50 is pushed, the second electrode
plates 40 and the elastic spacers 30 are compressed so that the elastic spacers 30 are
elastically compressed, thus varying (reducing) the distances d between the first
electrode plates 20 and the second electrode plates 40. Depending on variation in the
distances d, capacitance at each sensing point S varies according to the formula of
C=uA/d (here, C denotes capacitance, pu denotes a dielectric constant, A denotes an
area, and d denotes a distance between the electrode plates). A variation rate of ca-
pacitance varies depending on the magnitude of touch pressure. When the touch

pressure is removed, the elastic spacer 30, the second electrode plate 40 and the
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transparent panel 50 return to their original state because of the restoring force of the
elastic spacer 30 and of their own elastic force.

Hereinafter, the number and arrangement of the first electrode plates 20, the second
electrode plates 40 and the elastic spacers 30 of the touch screen 1A according to the
first embodiment will be described.

Of the first electrode plates 20 and the second electrode plates 40, at least one kind of
electrode plate 20 or 40 comprises four or more electrode plates 20 or 40 which are
arranged at regular intervals along the rim 11 of the substrate 10. In other words, at
least four pairs of the first electrode plates 20 and the second electrode plates 40 may
be arranged at regular intervals along the rim 11. Alternatively, one kind of electrode
plate 20 or 40 comprises four or more electrode plates 20 or 40, and the other kind of
electrode plate 20 or 40 comprises a single electrode plate 20 or 40 which is placed on
the rim 11 along the overall length thereof. Here, the single electrode plate does not
need to be only a single body and, for example, it may be divided into two or three
bodies.

Fig. 3A illustrates an example in which four or more pairs of first electrode plates 20
and second electrode plates 40 are provided. Figs. 3B and 3C illustrate an example in
which a single first electrode plate 20 and four or more second electrode plates 40 are
provided.

In the case where the first and second electrode plates 20 and 40 are provided in a
one to one coupling manner, as shown in Figs. 1 and 3A, each pair of upper and lower
electrode plates overlapping with each other forms one sensing point S. In the case
where one side electrode plate comprises a plurality of electrode plates and the other
side electrode plate comprises a single electrode plate, as shown in Fig. 3B, a location
of each of the plurality of electrode plates forms one sensing point S.

The upper and lower electrode plates are connected to the circuit unit, for example,
through a matrix circuit.

In the first embodiment of Fig. 1, the first electrode plate 20 and the second electrode
plate 40 are disposed at each of four corners and four sides of the rim 11, so that total
eight pairs of electrode plates are arranged on the rim 11.

The reason why four or more electrode plates are arranged is that detection of a
location and pressure of a touch can be exactly conducted by measuring variation rates
in capacitance at four or more sensing points S at which the electrode plates are
disposed.

If three or fewer electrode plates are used, a pattern of rate of variation of capacitance
becomes very simplified due to an insufficient number of sensing points S, so that a
location and pressure of a touch may not be exactly detected. If there are too many

electrode plates, a pattern of variation rates in capacitance is very complex because of
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there being too large a number of sensing points S, with the result that the calculation
is very complicated.

With regard to the elastic spacer 30, it is sufficient if it can elastically vary the
distance between the first electrode plate 20 and the second electrode plate 40.
Therefore, elastic spacers 30 may be respectively and independently placed on the four
or more electrode plates 30 or 40 or, alternatively, a single elastic spacer 30 may be
provided along the rim 11. In the case of the single elastic spacer, it does not need to be
only a single body and, for example, it may be divided into two or three bodies.

Figs. 3A and 3B illustrate an example in which an elastic spacer 30 is individually
provided each between the electrode plates 20 and 40. Fig. 3C illustrates an example in
which a single elastic spacer 30 is provided along the rim 11 of the substrate 10.

As described above, in the touch screen 1A according to the first embodiment, the
substrate 10 comprises a plate which is open in the central portion thereof, or a
transparent solid plate. The first and second electrode plates 20 and 40 and the elastic
spacer 30 are placed only on the rim 11 of the substrate 10. The transparent panel 50 is
placed at the uppermost position on top of them. Thus, a touch area is formed inside
the rim 11 of the substrate (on a portion inside the dotted line of Fig. 2). Therefore, the
transparency of the touch area can be enhanced, thus allowing the user to clearly
observe images displayed on the display provided under the touch screen.

2. Second embodiment

Hereinafter, a touch screen 1B according to a second embodiment of the present
invention will be described with reference to Fig. 5. In the same manner as the first
embodiment, the touch screen 1B according to the second embodiment also includes a
substrate 10, first electrode plates 20, elastic spacers 30, second electrode plates 40 and
a transparent panel 50. In the following description, only points of difference with the
first embodiment will be explained.

In the touch screen 1A according the first embodiment, the first electrode plate 20,
the elastic spacer 30 and the second electrode plate 40 which are arranged on the rim
11 of the substrate 10 are placed one on top of another in a state in which the first and
second electrode plates 20 and 40 are in direct contact with the elastic spacer 30. On
the other hand, in the touch screen 1B according to the second embodiment, an elastic
spacer 30 is interposed between the substrate 10 and the transparent panel 50. The first
electrode plate 20 and the second electrode plate 40 which are spaced apart from each
other by a predetermined distance d are disposed on the rim 11 of the substrate 10 at a
position away from the elastic spacer 30 and are respectively attached to the upper
surface of the rim 11 of the substrate 10 and the lower surface of the transparent panel
50. In the second embodiment, the elastic spacer 30 functions only to elastically vary

the distance. Air between the upper and lower electrode plates serves as a dielectric
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substance.

In the second embodiment as well, the pressure exerted when a portion of the
transparent panel 50 is pushed compresses the elastic spacers 30, and the distance d
between the first electrode plate 20 and the second electrode plate 40 which are
adjacent to the elastic spacer 30 changes. Depending on the variation in the distance d,
capacitance at each corresponding sensing point S varies.

Furthermore, of the first electrode plates 20 and the second electrode plates 40, at
least one kind of electrode plate 20 or 40 comprises four or more electrode plates 20 or
40 which are arranged at regular intervals along the rim 11 of the substrate 10. The
elastic spacer 30 may be respectively and independently placed adjacent to the four or
more electrode plates 30 or 40. Alternatively, a single elastic spacer 30 may be
provided along the overall length of the rim 11.

3. Third embodiment

Hereinafter, a touch screen 1C according to a second embodiment of the present
invention will be described with reference to Fig. 6. The touch screen 1C according to
the third embodiment also includes a substrate 10, first electrode plates 20, elastic
spacers 30, second electrode plates 40 and a transparent panel 50. In the following de-
scription, only points of difference with the first or second embodiment will be
explained.

The general construction and operation of the touch screen 1C according to the third
embodiment are the same as those of the first or second embodiment. However, in the
third embodiment, each elastic spacer 30 has a double structure which comprises a first
elastic spacer 30a and a second elastic spacer 30b, and each second electrode plate 40
has a double structure which comprises a pair of second electrode plates which are
disposed at upper and lower positions corresponding to the first and second elastic
spacers 30a and 30b, unlike the first or second embodiment.

In detail, in the touch screen 1C according to the third embodiment, the first elastic
spacer 30a is placed on the upper surface of the rim 11 of the substrate 10. The first
electrode plate 20 is placed on the first elastic spacer 30a. The second elastic spacer
30b is placed on the first electrode plate 20. The transparent panel 50 is placed on the
second elastic spacer 30b to cover the entire area of the substrate 10. In addition, the
upper and lower second electrode plates 40 are respectively attached to the perimeter
of the lower surface of the transparent panel 50 and the upper surface of the rim 11 of
the substrate 10 to form a double layered structure such that they are spaced apart from
the first electrode plate 20 by regular distances d.

As such, in the double layered structure of the touch screen 1C shown in Fig. 6, the
first electrode plate 20 which is placed on the upper surface of the first elastic spacer

30a has an area greater than that of the first elastic spacer 30a. The second elastic
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spacer 30b is placed on the first electrode plate 20 such that it covers an excess portion
21 of the first electrode plate 20 which protrudes outside from the first elastic spacer
30a. Furthermore, the upper and lower second electrode plates 40 are attached to the
lower surface of the transparent panel 50 and the upper surface of the rim 11 of the
substrate 10. Although this double layered structure is illustrated as one example in
Fig. 6, the touch screen 1C may have a double layered structure in which the lower
second electrode plate 40 is placed on the rim 11 of the substrate, and then the first
elastic spacer 30a, the first electrode plate 20, the second elastic spacer 30b, the upper
second electrode plate 40 and the transparent panel 50 are stacked on the lower second
electrode plate 40 in order from bottom to top.

In even the third embodiment as well, the touch pressure exerted when a portion of
the transparent panel 50 is pushed compresses the elastic spacers 30a and 30b, so that
the distances d between the upper and lower second electrode plates 40 and the first
electrode plate 20 interposed between the elastic spacers 30a and 30b are varied (i.e.,
reduced). Depending on the variation in the distances d, capacitance at each corre-
sponding sensing point S varies.

As well, of the first electrode plates 20 and the second electrode plates 40, at least
one kind of electrode plate 20 or 40 comprises four or more electrode plates 20 or 40
which are arranged at regular intervals along the rim 11 of the substrate 10. The elastic
spacers 30a and 30b may be independently placed on or around each of the four or
more electrode plates 30 or 40. Alternatively, single elastic spacers 30a and 30b may
be provided along the overall length of the rim 11 of the substrate 10.

The touch screen 1C according to the third embodiment having the double layered
structure is advantageous in that two variation rates in capacitance can be measured at
each sensing point S, thus increasing detection sensitivity.

4. Calculation of touch location and magnitude of touch pressure

Hereinafter, the principle of calculating a touch location and the magnitude of touch
pressure in the touch screen 1 of the present invention will be explained with reference
to Figs. 8 and 9.

Fig. 8 shows an example of the touch screen in which the first electrode plate 20, the
elastic spacer 30 and the second electrode plate 40 are stacked on each of the four
corners of the rim 11 of the substrate 10 to form sensing points S on the four corners of
the rim 11. Fig. 9 shows an example of the touch screen in which the first electrode
plate 20, the elastic spacer 30 and the second electrode plate 40 are stacked at a medial
position on each of the four sides of the rim 11 of the substrate 10 to form sensing
points S on the four sides of the rim 11.

In Figs. 8 and 9, the character F denotes the magnitude of a force applied to a touch
point P. The character N denotes longitudinal length of the touch screen 1. The
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characters f1, {2, 3 and f4 denote intensities of forces measured at the sensing points S
when a force F is applied to a touch point P. In Fig. 8, the bottom left hand corner is set
as the origin of the coordinate axes. In Fig. 9, the center of the left side is set as the
origin of the coordinate axes.

According to Newton’s laws of force, the sum of vectors of all forces applied to a
rigid body and the sum of vectors of moments M applied thereto are zero. Hence, when
a force F is applied to the touch screen 1, because the touch screen does not sub-
stantially move or rotate, ZF and 2M are zero.

In the case of the coordinate axes shown in Fig. 8, the sum of all forces F is zero, and
because there is no force with respect to the direction of the X-axis or Y-axis, the
equations 2Fx=0 and 2Fy=0 are satisfied. Because the magnitude of a force F applied
in the direction of the Z-axis is equal to the sum of the intensities of the opposing
forces f1, 2, £3 and 4 measured at the sensing points S, F=f1+{2+{3+f4 (equation 1) is
obtained from the equation ZFz=0.

Furthermore, based on the fact that the sum of all moments is zero, there is no
moment with respect to the Z-axis, so that 2Mz=0 is satisfied.

With regard to moments relative to the X-axis, because forces {2 and {3 are applied
in counterclockwise directions at positions spaced apart from the X-axis by the
distance N, moments having magnitude of N-f2 and N-f3 are applied to the X-axis in
counterclockwise directions. In addition, because a force F is applied in a clockwise
direction at a position spaced apart from the X-axis by the distance y, a moment having
magnitude of y-F is applied to the X-axis in a clockwise direction.

Hence, from 2Mx=0, -y-F + N-f2 + N-f3 = 0 is satisfied.

As aresult, y = N(f2+3)/F (equation 2) is obtained.

With regard to moments relative to the Y-axis, because forces {3 and f4 are applied
in counterclockwise directions at positions spaced apart from the Y-axis by the
distance L, moments having magnitude of L-f3 and L-f4 are applied to the Y-axis in
counterclockwise directions. In addition, because the force F is applied in a clockwise
direction at a position spaced apart from the X-axis by the distance y, a moment having
magnitude of x-F is applied to the Y-axis in a clockwise direction.

Hence, from 2My=0, x-F - L-f3 - L-f4 = 0 is satisfied. As a result, x = L. (f3+{4)/F
(equation 3) is obtained.

Therefore, if forces f1, 2, £3 and f4 measured at the sensing points S are determined,
magnitude of a touch pressure can be obtained from the equation 1 and coordinates
thereof can be obtained from the equations 2 and 3.

In the case where the coordinate axes are set as shown in Fig. 9, if the same
conditions as that of Fig. 8 are given, there is no force with respect to the direction of
the X-axis or Y-axis, and F=f1+f2+f3+f4 (equation 4) is obtained from ZFz=0.
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Furthermore, from the fact that the sum of all moments is zero, there is no moment
with respect to the Z-axis, so that 2Mz=0 is satisfied.

With regard to moments relative to the X-axis, because a force {2 is applied in a
counterclockwise direction at a position spaced apart from the X-axis by the distance
N/2, a moment having magnitude of N-12/2 is applied to the X-axis in a counter-
clockwise direction. In addition, because a force 4 is applied in a clockwise direction
at a position spaced apart from the X-axis by the distance N/2, a moment having
magnitude of N-f4/2 is applied to the X-axis in a clockwise direction. Furthermore, a
force F is applied downwards at a position spaced apart from the X-axis by the
distance y, so that a moment having magnitude of y-F is applied to the X-axis in a
clockwise direction. Because f1 and {3 are present on the X-axis, f1 or f3 does not
generate a moment relative to the X-axis.

Therefore, from ZMx=0, -y-F + N-f2/2 - N-f4/2 = ( is satisfied.

Ultimately, y = N-(f2-f4)/2F (equation 5) is obtained.

In the same manner, with regard to moments relative to the Y-axis, because the
forces 12 and {4 are applied in counterclockwise directions at positions spaced apart
from the Y-axis by the distance L/2, moments having magnitude of L-f2/2 and L-f4/2
are applied to the Y-axis in counterclockwise directions. Furthermore, because the
force £3 is applied in a counterclockwise direction at a position spaced apart from the
Y-axis by the distance L., a moment having magnitude of L-f3 is applied to the Y-axis
in a counterclockwise direction. In addition, the force F is applied downwards at a
position spaced apart from the Y-axis by the distance x, so that a moment having the
magnitude of x-F is applied to the Y-axis in a clockwise direction. Therefore, from
2My=0, x-F - L-f2/2 - L-f4/2 - L-f3 = 0 is satisfied.

Ultimately, x = L(f2+2f3+f4)/2F (equation 6) is obtained.

Therefore, in the same manner as the case of Fig. 8, if forces f1, 2, {3 and f4
measured at the sensing points S are determined, a magnitude of a touch pressure can
be obtained from the equation 4 and coordinates thereof can be obtained from the
equations 5 and 6.

In the example of Fig. 8 or 9, although the origin of the coordinate axes is set at any
location, the above-mentioned calculation principle can be used. The result obtained
from the coordinate axes set by the above method can be applied through coordinate
transformation to other coordinate axes selected by the user.

Furthermore, although Figs. 8 and 9 illustrate the case having four electrode plates
(that is, four sensing points), in even the case where the number of sensing points is
greater than four, a touch location and the magnitude of touch pressure can be
calculated by the same principle.

As described above, when a force F having a predetermined magnitude is applied to
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a touch point P, variation rates in capacitances at the sensing points S are measured.
The variation rates in capacitances vary depending on a touch location and the
magnitude of touch pressure. From the relationship equations with respect to the
variation rates of the capacitances, the touch location and the magnitude of touch
pressure, the coordinates of the touch location and the magnitude of touch pressure can
be obtained.

Data about a touch location and the magnitude of touch pressure, obtained by the
touch screen 1 of the present invention, can be effectively used as input signals of
various devices. Particularly, unlike the conventional capacitive touch screen which
cannot determine the magnitude of touch pressure, if the touch screen 1 of the present
invention is connected to software which requires the determination of the magnitude
of touch pressure, various input signals which could not be implemented in the con-
ventional touch screen can be created.

As one example of the application of the touch screen of the present invention, in the
conventional technique, to conduct acceleration of a scrolling function of an MP3
player to select a program, an input signal of an acceleration key must be generated in
such a way as to measure the time for which a scroll bar is continuously pushed.
However, in the present invention which can measure the intensity of touch pressure,
an input signal of an acceleration key can be generated depending on the intensity of
pressure pushing against the touch screen.

As another example in which the touch screen of the present invention is applied to
various kinds of game programs, the present invention can be used in a game program
which must simulate physical force depending on the intensity of touch pressure or
must control the force or express the degree of variation in force. For example, in the
case of a fighting game, the intensity of striking impact can vary depending on the
intensity of touch pressure. In the case of a golf game, the intensity at which a ball is
struck can be controlled in proportion to the intensity of touch pressure. As well, in a
sports game, the jumping motion of a character, for example, the height of jumping
motion, can be varied by the intensity of touch pressure to increase the sensation of
reality.

As yet another example, in the conventional touch screen, one key has only one or
two functions in a manner similar to that of a keypad of a typical mobile phone.
However, in the present invention, one key can create various input signals depending
on the intensity with which the user pushes the key. For example, a mobile phone
having the touch screen of the present invention can be designed such that a digit key
can have functions of inputting not only numerals but also other various operations
depending on the intensity with which the key is pushed.

Although the touch screen 1 of the present invention has been illustrated as having a
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general rectangular shape, it may have other shapes, for example, a circular shape, etc.
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Claims

A capacitive touch screen, comprising:

a substrate (10) comprising a plate which is open in a central portion thereof
other than a rim (11) or comprising a transparent solid plate;

a first electrode plate (20) placed on an upper surface of the rim (11) of the
substrate (10);

an elastic spacer (30) placed on an upper surface of the first electrode plate (20),
the elastic spacer (30) being variable in thickness in response to application of an
external pressure so as to be restorable to original shape thereof;

a second electrode plate (40) placed on an upper surface of the elastic spacer
(30); and

a transparent panel (50) placed on an upper surface of the second electrode plate
(40) to cover an entire area of the substrate (10),

wherein at least one of the first electrode plate (20) and the second electrode
plate (40) comprises four or more electrode plates arranged along the rim (11) of
the substrate (10) at positions spaced apart from each other at predetermined
intervals, and

when a contact pressure is applied to a portion of the transparent panel (50), a
distance (d) between the first electrode plate (20) and the second electrode plate
(40) is restorably varied by elastic height variation of the elastic spacer (30), so
that capacitances are varied at sensing points (S) corresponding to locations of
the four or more electrode plates (20) or (40), and a touch location and a touch
pressure are determined by variation rates of the capacitances measured at the
sensing points (S).

A capacitive touch screen, comprising:

a substrate (10) comprising a plate which is open in a central portion thereof
other than a rim (11) or comprising a transparent solid plate;

a first electrode plate (20) placed on an upper surface of the rim (11) of the
substrate (10);

an elastic spacer (30) placed on the upper surface of the rim (11) of the substrate
(10), the elastic spacer (30) being variable in thickness in response to application
of an external pressure so as to be restorable to original shape thereof;

a transparent panel (50) placed on an upper surface of the elastic spacer (30) to
cover an entire area of the substrate (10); and

a second electrode plate (40) provided under a lower surface of the transparent
panel (50) such that the second electrode plate (40) is spaced apart from the first
electrode plate (20) by a predetermined distance,
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wherein at least one of the first electrode plate (20) and the second electrode
plate (40) comprises four or more electrode plates arranged along the rim (11) of
the substrate (10) at positions spaced apart from each other at predetermined
intervals, and

when a contact pressure is applied to a portion of the transparent panel (50), a
distance (d) between the first electrode plate (20) and the second electrode plate
(40) is restorably by elastic height variation of the elastic spacer (30), so that ca-
pacitances are varied at sensing points (S) corresponding to locations of the four
or more electrode plates (20) or (40), and a touch location and a touch pressure
are determined by variation rates of the capacitances measured at the sensing
points (S).

A capacitive touch screen, comprising:

a substrate (10) comprising a plate which is open in a central portion thereof
other than a rim (11) or comprising a transparent solid plate;

a first elastic spacer (30a) placed on an upper surface of the rim (11) of the
substrate (10), the first elastic spacer (30a) being variable in thickness in
response to application of an external pressure so as to be restorable to original
shape thereof;

a first electrode plate (20) placed on an upper surface of the first elastic spacer
(30a);

a second elastic spacer (30b) placed on an upper surface of the first electrode
plate (20), the second elastic spacer (30b) being variable in thickness in response
to application of external pressure so as to be restorable to original shape thereof;
a transparent panel (50) placed on an upper surface of the second elastic spacer
(30b) to cover an entire area of the substrate (10); and

a pair of second electrode plates (40) respectively provided on the upper surface
of the rim (11) of the substrate (10) and under a perimeter of a lower surface of
the transparent panel (50) such that the second electrode plates (40) are spaced
apart from the first electrode plate (20) by predetermined distances,

wherein at least one of the first electrode plate (20) and the second electrode
plate (40) comprises four or more electrode plates arranged along the rim (11) of
the substrate (10) at positions spaced apart from each other at predetermined
intervals, and

when a contact pressure is applied to a portion of the transparent panel (50),
distances (d) between the first electrode plate (20) and the second electrode
plates (40) are restorably varied by elastic height variation of the elastic spacers
(30a) and (30b), so that capacitances are varied at sensing points (S) corre-

sponding to locations of the four or more electrode plates (20) or (40), and a
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touch location and a touch pressure are determined by variation rates of the ca-
pacitances measured at the sensing points (S).

The capacitive touch screen according to any one of claims 1 through 3, wherein
the elastic spacer (30), (30a), (30b) comprises an elastic synthetic resin member
or a spring (30c) which varies in height in response to application of an external
pressure so as to be restorable, or a hinge structure (30d) having restorability to

be returned to an original state thereof.
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