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ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 12/871,771, filed Aug. 30,2010, which is
based upon and claims the benefit of priority from Japanese
Patent Application No. 2009-283168, filed Dec. 14, 2009; the
entire contents of each of which are incorporated herein by
reference.

FIELD

[0002] Embodiments described herein relate generally to
an electronic device with a touch panel, and more particularly,
to an electronic device, such as a personal digital assistant
(PDA) or a personal computer that is provided with a built-in
touch sensor formed of a film (hereinafter referred to as a
“film sensor”).

BACKGROUND

[0003] Jpn. Pat. Appln. KOKAI Publication No. 2008-
234470 (Patent Document 1) discloses a tough panel in which
ends of the lines of a pair of insulating-film side electrodes are
connected to ends of insulating-substrate side lines by a con-
ductive adhesive. The touch panel has a slit near a corner of
the insulating film and near a connecting portion that electri-
cally connects ends of the insulating-film side wiring and the
insulating-substrate side wiring.

[0004] The slit of the insulating film prevents stress con-
centration in the above connection portions, when the touch
panel is heated to cause deformation of the insulating film and
the insulating substrate due to the difference in coefficient of
thermal expansion between the film and the substrate.
Namely, the slit functions to absorb deformation of the insu-
lating film to thereby prevent stress concentration in the con-
nection portions. As a result, detachment of the connection
portions due to the stress caused by thermal expansion is
prevented.

[0005] However, since the insulating film expands in all
planar directions, stress occurs in, for example, connection
portions between the insulating film and another substrate
and between the above-mentioned lines. Namely, stress
occurs in the two connection portions serving as the insulat-
ing film connection portions, whereby the above-mentioned
detachment problem occurs. In particular, in the case of a
large touch panel, the deformation amount of the insulating
film relative to the substrate increases, which means that the
problem of detachment between the insulating film and the
substrate inevitably becomes conspicuous.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] A general architecture that implements the various
feature of the embodiments will now be described with ref-
erence to the drawings. The drawings and the associated
descriptions are provided to illustrate the embodiments and
not to limit the scope of the invention.

[0007] FIG. 11is a view illustrating an outward appearance
of'a PDA as an example of en electronic device according to
an embodiment of the invention;

[0008] FIG. 2 is a block diagram illustrating the configura-
tion of the PDA of FIG. 1;

[0009] FIG. 3 is a block diagram illustrating the display
control application shown in FIG. 2;
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[0010] FIG. 4 is an exploded perspective view illustrating a
film sensor assembly incorporated in the display of the PDA;
[0011] FIG. 5 is a schematic view illustrating a film sensor
incorporated in the film sensor assembly of FIG. 4;

[0012] FIG. 6 is a printed circuit board incorporated in the
film sensor assembly of FIG. 4;

[0013] FIG. 7 is a schematic view illustrating a structure
seen from the reverse side, the structure being obtained by
attaching the printed circuit board of FIG. 6 to the peripheral
portion of the film sensor of FIG. 5;

[0014] FIG. 8 is a sectional view taken along line VIII-VIII
of FIG. 7,
[0015] FIG. 9 is an enlarged view illustrating part of a first

modification of the embodiment, in which long holes are
formed in the peripheral portion of the film sensor of FIG. 5;
and

[0016] FIG. 10 is an enlarged view illustrating part of a
second modification of the embodiment, in which a notch is
formed, instead of the long holes, in the peripheral portion of
the film sensor of FIG. 5.

DETAILED DESCRIPTION

[0017] Various embodiments will be described hereinafter
with reference to the accompanying drawings.

[0018] In general, according to one embodiment, a printed
circuit board 4 is attached to the film sensor 2 at a plurality of
attachment portions 3. Holes 2a are formed in the film sensor
2 between adjacent ones of the attachment portions 3.
[0019] FIG. 1 shows an outward appearance of a personal
digital assistant (PDA) 10 as one example of an electronic
device according to the embodiment.

[0020] As shown in FIG. 1, the PDA 10 includes a display
15 that contains a touch sensor (film sensor) in the form of a
film. The display 15 provides various operation screens to a
user, and functions as a user interface for enabling the user to
select an item displayed on a selected screen by touching the
item by, for example, a finger 12 or using a touch pen (not
shown). The film sensor provided on the surface of the display
15 will be described later.

[0021] FIG. 2 is a block diagram illustrating the configura-
tion of the PDA 10.

[0022] As shown in FIG. 2, the PDA 10 comprises a CPU
14 for controlling the devices incorporated in the PDA 10, a
display 15 with a film sensor described later, a memory 16,
such as a flash memory, for temporarily storing data, a com-
munication unit 17 functioning as a connection interface to be
connected to, for example, the Internet, and a recording
medium 18, such as an HDD or a flash memory, which has a
greater memory capacity than the memory 16.

[0023] The CPU 14 loads, in the memory 16, various appli-
cations, such as an operating system (OS) and a display
control application 100 stored in the recording medium 18,
thereby controlling the whole operation of the PDA 10 in
accordance with commands supplied via the film sensor of
the display 15.

[0024] As shown in FIG. 3, the display control application
100 comprises a detection control unit 101, a display selec-
tion unit 102, an execution unit 103 and a storing unit 104.
The detection control unit 101 is connected to the film sensor
described later, and detects whether a finger 12 of the user or
a touch pen touches an item displayed on the screen of the
display 15. When text data is selected on the display 15, the
display selection unit 102, for example, highlights the
selected text data. The execution unit 103 copies, detects,
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pastes, cuts or searches for the selected text data. When the
execution unit 103 searches for the selected text data, it
searches a built-in dictionary or searches the Internet via the
communication unit 17. The storing unit 104 stores a display
menu and/or item data (an item “copy,” an item “delete,” an
item “paste,” an item “cut,” an item “search,” etc.).

[0025] FIG. 4 is an exploded perspective view illustrating a
sensor assembly 20 incorporated in the display 15. The sensor
assembly 20 comprises a film sensor 2 provided on the sur-
face ofthe display 15, a printed circuit board 4 attached to the
reverse side of the film sensor 2, a spacer 6 and a fixing frame
8.

[0026] The film sensor 2 has a structure in which XY pat-
terns (not shown) in a matrix are formed on a rectangular
vinyl film, and the ends ofthe patterns are lead to the edges of
the film. A piezo film sensor, for example, is known as the film
sensor 2. The film sensor 2 is formed of, for example, a
polyethylene-based film material.

[0027] The printed circuit board 4 is L-shaped and provided
along a pair of short and long sides of the film sensor 2. The
circuit board 4 has a circuit pattern (not shown) on a surface
thereofthat faces the XY patterns of the film sensor 2, and has
an IC chip (not shown) mounted on the other surface. The
printed circuit board 4 is formed of glass epoxy.

[0028] When attaching the printed circuit board 4 to the
film sensor 2, the former is adhered to the sides of the latter so
that the circuit pattern of the former is connected to the XY
patterns of the latter via a conductive adhesive. As a result, the
IC chip on the printed circuit board 4 is electrically connected
to the XY patterns.

[0029] The spacer 6 is also L-shaped, and is provided along
the other sides of the film sensor 2. The fixing frame 8 is
formed rectangular to cover the reverse sides of the printed
circuit board 4 and the spacer 6.

[0030] Namely, the sensor assembly 20 has a structure in
which the fixing frame 8 is adhered to the reverse surface of
the periphery of the film sensor 2, with the printed circuit
board 4 and the spacer 6 interposed therebetween.

[0031] The spacer 6 is provided to eliminate the step that is
formed between the film sensor 2 and the printed circuit board
4 when these two elements are adhered to each other.

[0032] As shown in FIG. 1, the PDA 10 constructed as
above contains all devices in its rectangular housing. There-
fore, when the PDA 10 is turned on, the temperature in the
housing increases with time. In particular, the backlight of the
liquid crystal display (LCD), for example, is considered a
main heat source.

[0033] Whenthe PDA 10 is heated, the film sensor 2 and the
printed circuit board 4 of the sensor assembly 20 are also
heated, whereby they are thermally expanded to their respec-
tive degrees corresponding to their respective thermal expan-
sion coefficients. Since the film sensor 2 and the printed
circuit board 4 are electrically connected at several connec-
tion portions via the conductive adhesive as mentioned above,
stress will concentrate on the connection portions due to the
difference between the thermal expansion coefficients,
whereby the connected portions may well be detached.
[0034] More specifically, as shown in FIG. 6, the L.-shaped
printed circuit board 4 of the embodiment is electrically con-
nected to the film sensor 2 ata plurality of connection portions
via a conductive adhesive 3. The connection portions will
now be denoted by reference number 3. The connection por-
tions 3 are predetermined in accordance with the circuit pat-
tern of the printed circuit board 4.

Sep. 20, 2012

[0035] The film sensor 2 of the embodiment is formed of a
vinyl film, and the printed circuit board 4 of the embodiment
is formed of glass epoxy. Thus, the film sensor 2 and the
printed circuit board 4 connected to each other at the connec-
tion portions 3 are formed of materials having different coef-
ficients of thermal expansion.

[0036] Accordingly when the two members are simulta-
neously heated to a certain temperature, a different may occur
in the amount of deformation between the members due to the
different coefficients of thermal expansion. In the combina-
tion of the materials employed in the embodiment (i.e., the
combination of vinyl and glass epoxy), when they are heated
under the same conditions, the film sensor is thermally
expanded by a greater ratio than the printed circuit board 4.
[0037] Namely, in this case, the film sensor 2 is thermally
expanded more greatly than the printed circuit board 4
between adjacent ones of the connection portions 3 arranged
along the printed circuit board 4. Accordingly, stress concen-
trates in the connection portions 3. When the on and off
operations of the PDA 10 are repeated to thereby repeat
thermal expansion and contraction, the above-mentioned
stress concentration causes shearing force to be exerted on the
connection portions 3, with the result that the connection
portions 3 will be detached at worst.

[0038] To avoid this, a plurality of long holes 24 (see FIG.
5) for leaking the above-mentioned stress are formed in the
peripheral portion ofthe film sensor 2. As shownin FIG. 7, the
long holes 2a are formed so that when the printed circuit
board 4 is attached to a peripheral portion of the film sensor 2,
each ofthe long holes is positioned at substantially the center
of the corresponding adjacent connection portions 3.

[0039] Further, the length of each long hole 2a (which is
elongated along the width of the printed circuit board 4) is
designed to a value that enables deformation of the film
sensor 2 to be sufficiently absorbed when a tensile force or a
compression force is exerted on the film sensor 2 between the
corresponding adjacent connection portions 3. More specifi-
cally, the long holes 2a are at least set longer than the diameter
of the connection portions 3.

[0040] The long holes 2a may have any arbitrary shape.
However, it is desirable that the periphery of each hole is
curved so as not to be sheared when the film sensor 2 is
deformed as a result of stress concentration.

[0041] Referring now to FIG. 8, amore detailed description
will be given of the function of the long holes 2a of the film
sensor 2.

[0042] FIG. 8isasectional view illustrating a state in which
the L-shaped printed circuit board 4 of glass epoxy is con-
nected to a peripheral portion of the film sensor 2 of vinyl via
the conductive adhesive 3 at a plurality of connection por-
tions.

[0043] When the sensor assembly 20 constructed as above
is heated, the film sensor 2 greater in coefficient of thermal
expansion than the printed circuit board 4 is more greatly
expanded and deformed than the printed circuit board 4. At
this time, attention will now be paid to the portions of the two
members 2 and 4 located between a certain pair of adjacent
connection portions 3. A compression force is exerted on the
film sensor 2 between the certain pair of adjacent connection
portions 3 in the directions indicated by arrows a.

[0044] When no long holes 24 are formed in the film sensor
2 unlike the embodiment, the above-mentioned compression
force causes stress in the two connection portions 3. In con-
trast, the embodiment employs a long hole 2a formed
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between the two connection portions 3. In this case, the long
hole 2a is deformed to absorb the compression force to nar-
row the width of the long hole 2a, whereby no stress occurs in
the two connection portions 3.

[0045] On the other hand, when the sensor assembly 20 is
cooled from this state, the film sensor 2 and the printed circuit
board 4 both contract. Contraction of the film sensor 2 having
a relatively high coefficient of contraction can be compen-
sated for if the long holes 2a are widened, with the result that
no stress occurs in the two connection portions 3.

[0046] As described above, in the embodiment, since the
above-mentioned long holes 24 are formed in the peripheral
portion of the film sensor 2 adhered to the printed circuit
board 4, stress concentration in the connection portions 3 due
to thermal expansion can be prevented, thereby enabling the
connection state of the film sensor 2 and the printed circuit
board 4 to be maintained in good condition. In particular, in
the embodiment, the connection state of the film sensor 2 and
the printed circuit board 4 can be improved and the additional
cost can be suppressed simply by forming a plurality of long
holes 2a in the peripheral portion of the film sensor 2.
[0047] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

[0048] FIG. 9 shows a first modification of the embodi-
ment.
[0049] In this modification, two long holes 2a are formed

between each pair of adjacent connection portions 3 provided
along the peripheral portion of the film sensor 2. Thus, when
the distance between each pair of adjacent connection por-
tions 3 is long, two or more long holes may be formed
between them.

[0050] FIG. 10 shows a second modification of the embodi-
ment, in which notches 26 are formed in place of the long
holes 2a. Thus, the means for avoiding stress concentration
due to thermal expansion are not limited to holes.

[0051] Further, although the above-described embodi-
ments and modifications employ one or more long holes 2a
(or one or more notches 2b) are formed between every pair of
adjacent connection portions 3, the invention is not limited to
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this. If the distance between each pair of adjacent connection
portions 3 is short, no long holes 2a (no notches 25) may be
formed between them.

What is claimed is:

1. An electronic device comprising:

a housing;

a circuit board in the housing, equipped with electronic
components; and

a film sensor on the circuit board, connected to the circuit
board at a plurality of connection portions, the film
sensor comprising a hole between adjacent ones of the
connection portions,

wherein the hole does not extend to an edge of the film
sensor.

2. The electronic device of claim 1, wherein the hole is ina

center of a pair of the connection portions.

3. The electronic device of claim 1, wherein the hole com-
prises a length greater than a width of the connection portions.

4. The electronic device of claim 1, wherein two or more
holes are between each pair of the connection portions.

5. The electronic device of claim 1, wherein the film sensor
and the circuit board are electrically connected to each other
via a conductive adhesive.

6. An electronic device comprising:

a display exposed on a surface of a housing;

a film sensor built in the display;

a slim circuit board on a periphery of the film sensor,
connected to the periphery of the film sensor at a plural-
ity of connection portions and equipped with electronic
components; and

a long hole in the periphery of the film sensor between a
pair of adjacent ones of the connection portions, extend-
ing in a direction intersecting a direction of alignment of
the connection portions,

wherein the long hole does not extend to an edge of the film
sensor.

7. The electronic device of claim 6, wherein the long hole

is in a center of the pair of the connection portions.

8. The electronic device of claim 6, wherein the long hole
comprises a length greater than a width of the connection
portions.

9. The electronic device of claim 6, wherein two or more
long holes are between each pair of the connection portions.

10. The electronic device of claim 6, wherein the film
sensor and the circuit board are electrically connected to each
other via a conductive adhesive.
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